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THE GEOLOGIC EVIDENCE OF EVOLUTION 


By Professor EDWARD W. BERRY 


THE JOHNS HOPKINS UNIVERSITY 


NE of the outstanding, possibly the only difference betweer 
QO man and the other animals is his ability to profit by the ex- 
perience and accumulated wisdom of the race, and yet, despite this 
characteristic, each generation seems to produce its quota of anti- 

ecinationists, anti-evolutionists and believers in a flat earth. We 
may still entertain the hope that the race is becoming more rational 
when we recall that it has taken about three centuries to convince 
the Anglo-Saxon and a few other races among the countless mil 
lions of the globe that the earth is not flat, so that to-day only the 
of Zion City (Voliva) among leadin;: mologists defends 
pentateuchal view 

I do not wish to be thought of 
and I fully realize that there are a grea any earnest Christian 
men and women who are perturbed at a1 ything that they think, 

ghtly or wrongly, will shake the foundations of their faith, who 
are puzzled by the present outspoke n opposition to evolution, and 
who wish to know what is the truth. No truer article of faith was 

penned than the motto of the Johns Hopkins University— 
Veritas vos liberabit—and to you seekers after truth I would like 
to explain away certain misconceptions, before undert 
how you that the record of earth history is the 
n, and not to be disputed by honest people. 

Evolution is not a theory of origins, nor an article 
faith, but an indisputable fact. We could not teach geology 
out teaching evolution. One of the difficulties to the layman is the 
confusion of evolution—the record of the past and present history 

' organisms—with the various theories that have been proposed 
to explain its factors or mode of operation. Let me emphasize 
that evolution, the record, is in an altogether different category 


irom the theories such as Darwinism, Lamarckianism, or any other 


XV—7 
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ism that has been advanced to explain its working. Yoy 
all the theories or you may advocate one of a dozen 
theories, but this has nothing to do with the history of lif 
in geology, spend much time in going over the bicienw of ore 
but pay but slight attention to the theories—at least in 
ing. 

A simple illustration of the once universal and now 
less frequent clerical reaction to evolution will make el}; 
am driving at. Evolution was regarded as a dangero 
inimical to Christianity, contrary to Genesis, which was 
as a scientifie account of the origin of the earth and its 
Do these people claim that the hundreds of varieties of ho: 
chickens and pigeons go back to the Garden of Ede: 
Noah’s ark, or that all the horticultural varieties of flow 
and vegetables were in Mother Eve’s kitchen garden? 
They are more or less familiar with the cattle breeder 
Burbank method of artificial selection. Their object 
tion rests on the assumption that man is of a diffe: 
the brute world-——as if they had had no experienc 
gations or legislative assemblies. It is the implied 
tionship with monkeys, and the tradition engendered by 
art that the devil has a tail that offends their dignity. 

The statement that the human species is descend 
monkeys is merely polemical obseurantism and the 
prejudices that started with Bishop Wilberforce 
he was called by some of his contemporaries—and is a 
Bryanesque smoke screen. As to lineage, man is not at all 
related to the existing monkeys or apes. They are the culn 
of different lines of evolution, and this statement is especial 
of the monkeys. That their ancestry in the far « 
proximated the human line or indeed may have merg: 
millions of years ago in early Tertiary times is qu 


ary ae 
iis 


} 


; 


matter. 
I find nothing in Genesis either for or against evo 


h 6Aal i 


language, to be sure, is not explicit (dust of the ear 


+} 


special creation of man as opposed to the evolutionary er 
entirely an egoistical interpretation that is supposed, quit 
it seems to me, to add dignity to ourselves, and is of a « 
the idea that the earth is the center cf the universe—all the « 
homoeentric) centering in man, and all the universe 
round the earth—man’s temporary abode. It is a 


revelation in the workings of the human mind that so ma 


\ 


. . . sac Ty le 
people grow indignant over the idea that man was mad 
and vet who 


long line of animal ancestry as degrading; 
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marrel with the facts that each human starts his or her indi 


life as a single cell, and during the nine months precedin; 
nasses through a series of stages that roughly epitomi 


a 


stages of evolution, even to possessing a rudimentary ta 
ape. Five hundred years ago we should have said tha 

was the invention of the devil to test the faith of the 

. reason that was once advanced to explain the fossils in tl 
To-day most of us know better, and we find in the truth of ere 
far more to reverence than in the anthropomorphic deity 
childhood of the races. 


In approaching the geological record of 


nlv facets and leave fundamental causes severel\ 


mechanism of evolution we leave to experimental biology. 
advocate any theories of explanation. Here is evolution. 


the myriad of forms that moved across the stage of the 


I 


t and were the actors in the drama of life. In geology. to bor 
row a simile from written history or philology, we are dealing with 
the original documents in so far as they were preserved 


‘ , il 
as LOSSLIS, 


and in their actual order of succession. 


In approaching the geological record, the time ption is 
most important, and I ean best illustrate this by a brief recital of 
the progress of knowledge concerning fossils. It is only in compara- 


tively modern times that fossils have been recognized as the remains 
f animals and plants that had once been alive. The early Greeks 
ere sane enough to recognize this apparently obvious relationship, 
ind we find Xenophanes, 500 B. C., speculating on the f 


fossils 


found in the quarries of Syracuse, Sicily. But during the middle 


ages there was no end to the discussion regarding the nature and 


origin of fossils. What seems strange in this year of grace may 


really not have been so strange in the days when the universally 


held belief was that of spontaneous generation, a flat earth created 
in six days, and the only past submergence of the land that of 
Noah’s flood. Was it not the same ‘‘ plastic force’’ in nature which 
traced the frost patterns and the moss agate that fashioned the 
fossils, and was there not every gradation from shells and bones 


+} 


hat exactly resemble recent ones to mere stones of similar form 
nd appearance? We now know that the mineral replaces the 
organie matter of a fossil. Was it strange to have believed three 
r four hundred years ago that the process was the reverse 
from the mineral toward the organic? At any rate many strange 
theories were evolved to explain the fossils. One tells us that fossil 
shells were formed on the hills by the influence of the stars. Others 
ealled up a stone-making spirit. Others believed that fossils were 
the models made by the Creator in perfecting his handiwork before 
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A 


he essayed the task of making living organisms. I am. 


aul 


tirely the views of devout churchmen. Others believed th 


were mere “‘figured stones,’’ or were the abortive products o; 
germs of animals and plants that had lost their way i 

or that they were the invention of the devil to test the fajt} 
after the belief that fossils were the remains of animals a) 
had become well established, it was assumed that they | 
killed by Noah’s flood and stranded on the mountain tops 
terpretation suggested by Martin Luther in 1539 as secu! 
of the correctness of the seriptural aeceount. This flood 
found numerous advocates throughout the seventeenth 
far into the eighteenth century. It passed through vai 

of opinion. At first, the fossils were regarded as similar 
still living in the vicinity—a natural enough belief whe 
versal acceptance of the Mosaic cosmology and a world 
years old is borne.in mind. Later, when the differences 
sils beeame apparent, it was assumed that they had b 
Europe and buried by the waters of the flood and repres 
still existing in the tropics. With the progress of know! 
tropical organisms this last view became untenable, ar 
thought that the fossils represented forms that had b 
minated by the flood, and from this it was but a slight step 
onee popular belief that there had been no thistles or 
noxious insects in the Garden of Eden, that all creation | 


De T 


base with the fall of man. Gradually it came to "eco 
fossils were not only frequently unlike recent organisn 
they were very ancient, and not merely antediluy 
Adamitie—a view first advocated by Blumenbach in 179 
still far from a chronology. Granting that fossils were 
of once living organisms and antedated Adam—what of 
Guettard (Jean Etienne Guettard, 1715-1786) made 
first geological maps, it wasn’t really a geological n 
modern sense, but a map of what he called mineral ba 
modern soil map). He had no idea of geological success 
structure. The credit of recognizing fossils as the modals 
tion we owe to the genius of William Smith (1769-1839 
the orderly arrangement of the Mesozoic rocks of the E 
lands. Smith journeyed about for years in this regio! 
suecession of fossiliferous strata is an open book. In |! 
building canals, roads and drains, he observed that each b 
tained fossils, some of which were peculiar to it, and he f 
he could reeognize the same horizons and the same suc 
many different localities. 

This important generalization has since been verified 
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lessly extended. The contained fossils furnish the surest guides to 
the age of the sedimentary rocks that geology knows. To the 
biologist these facts have a deeper meaning, for they show that dur 
ing the vast lapse of time, to be measured in tens or hundreds of 
millions of years, the living population of the globe has undergone 
almost continuous change, old simple forms becoming extinct, and 


newer, more specialized, forms taking their place, the change 


‘n general, from lower to higher, in other words—evolution. 


That God rested from his six days’ task of creation ju 
vears B. C. is so absurd that I have yet to meet a person of 
. ind who believes in Archbishop Usher’s chronology. There 
been many attempts to determine the age of the earth in years 
ealeulations of the rate of cooling of molten bodies, the rate of re 
tardation by tidal friction, the thickness of the sedimentary rocks, 
the amount of dissolved salts added to the oceans by the rivers 
of the world, the condition of the radium minerals in igneous 
rocks. All methods contain unknown variables and are merely 
estimates. A favorite method has been to measure the thickness 


of a composite section of the sedimentary rocks, for the whole 


GEOLOGIC TIME CLOCK 
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record is not complete in any one section—seas and <« 
shifted with the incessant change in geographic pattern, 
had not, we should have such a perfect record of evolutioy 


missing chapters that we should be able to e 


time boundaries between rock formations or biological ho 


between animal and plant groups. 

The measurement of thicknesses has this advantage. t} 
as its results expressed in years are not accurate, its resy|} 
pressed in relative ratios of duration for the different ¢ 
periods are fairly so. I have sought to show the totality 
logical time reckoned in this way in the form of the face of 
in which the dial represents the total thickness of sedi) 
rocks divided among the different geological periods in th: 
ratios. With this perspective I wish to pass in review 
technical way some of the facts of evolution. Obviously 
not go into details in a brief hour, nor present the links in t} 
of evidence, or talk about the septa and sutures of the amn 
the pygidia of trilobites; or the frontal, parietal, tempora 
other bones of the vertebrates. 

Show us one species changing into another, and we 
lieve in evolution, says the bigot, expecting to see an Ali 
the-looking-glass transformation of eats into dogs or rabbits 
porcupines, not realizing what a species is, or the slowness 
which very obvious new characters are acquired as measu! 
terms of human years. If they had been present through 
years of geological time, they would have seen no more ey 
of evolution than they see to-day. The first man to see th: 
lor 


LOD IST 


formation of species was Waagen,? an Austrian geo 
paleontologist, who, in 1869, in the successive layers of fossilif 
Jurassic rocks, observed the minute and inconspicuous ch 
form in a definite direction, resulting as they increased i 
tude in the gradual emergence of successive new spec 
monites (Oppelia). These observed grades of difference 
(Waagen termed them mutations) are the more grad 
conspicuous the more abundant the material studied, or 

our analysis of it. This observed gradual evolution of adapt 
characters is quite the opposite of Darwin’s theoretical id 
natural selection of chance variations, and its abundant verifi 
among all groups of fossil organisms wherever an abunda 
successive faunas or floras are available for study is one of 
reasons why paleontologists have never been strong Darwinists 


2 Waagen, Wilhelm Heinrich: Die Formenreihe des Ammonites 5 
atus. Versuch einer Paliontologischen Monographie. Geognostis j 
tologische Beitrige. Bd. 2, Hft. 2, pp. 179-256, pls. 16-20, November, 
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,ve emphasized the environment as the main stimulus of variation. 


Hiseontinuity is observed only in characters where continu 
mnossible, aS in changes in the number of teeth or vertel 


sould spend days showing you these evolutionary series of 


brachiopods, erinoids, molluses, ete., but th ‘Vy are 


vineing without fullness of knowledge and presentation, 


re not nearly so impressive to a lay audience as the more 


wusly diseerned, but identical, series among 


rates. There is probably no group of organisms as ideal 


nary studies as are the Ammonites—extinet relatives 


rly Nautilus. Their shells are preserved in tens of 
the Mesozoic and earlier rocks. From the time the 


formed its first shell until death, each successive stave 18 pres rved 


ealeite within the enrolled shell. If you would see the 


Size 


form and details of ornamentation of a baby, adolescent or mature 


shell, all you have to do is to break away the outer shell. No other 


ssils furnish a complete life history with each individual. 


reover, the repetition of phylogeny during ontogeny is beauti 


lly shown, as well as the inheritance of acquired characters, so 











THE EVOLUTION OF TIE CEPHALOD PHYLUM 
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that we know the ammonite descent much better than w 


of many still existing groups of organisms. The mai: 
the evolution of the Cephalopods, to which group the 


belong, is shown in its chronologieal setting in Ficure ? 


= Ul 


the gradual transformation of straight camerated shel] 


S 


eurved, then loosely coiled, then tightly coiled, giving 


~ 


with angulated floors to the living chamber. the par; 


waning with the rise of the daughter stock, and represe 
by a single living type, the pearly Nautilus. This daught 
waxing great during Mesozoie times, we know 10,000 
species, gradually reaching overspecialization or 1 
displayed in the progressive uneoiling and bizarre on 

of the shells, and finally passing off the stage altogether 
main line of descent leads from the ancient Nautilus sto 
direetion of animals whose soft parts outgrew their sl 
ing them within the mantle. This second line waxed 
during Mesozoic time, and then waned in competition with 
perfected progeny, being represented in existing o 
single form, Spirula, which in its extreme youth lives 
chambered shell like that of its remote ancestors, but soon « 
this shell, and for the rest of its life carries this eloquent 
of its ancestry within the hind end of its body. You might 
incredulous before a single Spirula, but when you 
throughout the records of hundreds of thousands of 
gradual subordination and progressive decrease in rel 

of the shell and increase of the soft body, the meaning is 
takable, and to corroborate the correctness of our readi: 
tory, we have the more modern group of squids and ¢ 

all of the morphological features of the Spirula stock, w! 
their problem by modifying the now useless shell into 

axis of support and are otherwise entirely soft bodied ar 
of large size; and, finally, the latest evolved group—the Octop: 
smaller less active forms, having slight need for the axis 
more elongated and actively swimming squids, have lost ail 
of the ancestral shell. 

Another great phylum of invertebrate animals (Ech 
starfishes, sea urchins and erinoids, have a wonderful abu 
of fossil forms and well-aseertained relationships. Th: 
shows a worm like ancestor developing a plated exosk 
many irregular pieces; the progressive reduction in numb 
the assumption of definite form of these pieces—the rad 
metry impressed by the habit of stalked attachment—the 
lines of descent which sought to inerease the food gat 


+ 


mechanism by extending the parts concerned over the test 0! 
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ng them on long arms—the reversed orientation of the errant 
urchins and starfishes—the one time dominance of specialized 
erinoids—the late evolution and present abundance of the free- 


swimming forms with flexible skeletons—the intermed 


late or syn- 
thetie character of the earlier forms, especially well shown in the 
Ordovician to Lower Carboniferous ancestors of the starfishes and 
serpent stars—all afford an excellent chapter in nature’s record 


of evolution. 
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A group of invertebrates unknown to the laym 
mensely important to the paleontologist, whether he 
merely in chronology or in evolution, is the Brae] 
bivalved lamp shells of the ancients. The stock is very 
shows the most intricate series of gradating forms from 
hingeless Atremata, long since extinet except for a si) 
which in Ordovician times modified its stalk of attachm 
burrowing organ, and from that time to the present 
practically unchanged in an unchanging environme: 
inimical to higher forms of life, sharing with the simil: 
representatives of the two other primitive groups a 
modified habits or form in an unchanging environm 
enabled them to come down to the present, although 
early relatives have long since passed off the stage 
Contrast the dwindling history of these families as 
the black of their life lines with the series of forn 
whose history we have represented, of those wl 
mechanisms—a protective device, and internal 
and spirals for greater efficiency in collecting 
We can see these structures grow until at the pres 
unchanged survivors of the more primitive orders are 
fifty to one by the loop-bearing forms which retained 


protruding their so-called arms in search of food, 


spire-bearing forms that developed along with them in Pa 


_ 
+ 


times had their arms fastened to their spiral supports a 
l 


} 
Ts) 97 
Mie Cal ilt 


protrusible, and hence faded out of existence in t 


Mesozoie T imes. 
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A fourth great group is the Arthropoda, embracing the hosts 


articulated animals whose relationships are shown, with the 


‘ly evolution of the aquatic types—trilobites, crustaceans 
Limulus-like forms. They exhibit the early efflorescence of the les 
necialized as to parts, and less protected as to armor 
ites : the relative late evolution of their terrestrial desce) 
spiders and centipedes, and the latest appearance of the 
» with specialized larval stages—the insects. Most interesting 
see displayed among these myriad of diverse forms insects 


spiders, erabs and ticks, their community of origin and the impress 


of their remote trilobite-like ancestry. 


Either these myriads of slightly differing forms in progressive 


” retrogressive series represent evolution, or each slightly Cc 
nal and floral assemblage represents an independent 
‘ial ereation. These are absolutely the only alternatives, 
e advocates of special creation, little as they seem to real 
ive to assume a creator, who every few years during a peri 
dreds of millions of years mechanically fashioned new sets 
vanisms. Not only so, but each new set was fashioned surpris 
ely like their predecessors, sometimes with vestigial, useless or 
en harmful organs. It seems to me that this only logical 
tion of the special creation hypothesis is a reductio ad abs 
bare statement of which is sufficient to demonstrate its obvi 
falsity. I would offer for the religiously inclined Henry Drum 
\’s dictum that evolution was God’s method of creation. 
The complete epitome of vertebrate evolution showing the range 
time and relative abundance deserves a word of comment. 
ld like the erities of evolution to explain why the most prin 
‘tebrates appear twice as far back in the record as any 
hers, and why the different classes appear in the aet 
from the less to the more evolved—from lower to higher—the fish 
ke amphibians appearing during the Devonian, the reptiles dur 
g the Upper Carboniferous, and the two lines to which the | 
rave rise, the mammals and birds in the upper Triassic and 
rassie, respectively. 
Is it not most unfortunate for evolutionary scepties th: 
most ancient fossil bird should be one of the best and m 
tacular fossils—feathers and all preserved with great fidelit: 
fine-grained lithographie stone of Solnhofen—and should rep 
resent virtually a modified and partially feathered reptile, 25 per 
ent. reptile and 75 per cent. bird. About the size of a crow, the 
head was billess and the jaws were armed with true teeth, the 
wings had three free-clawed fingers, the tail was long and lizard- 


uke, of 20 vertebra, with pinnate feathers and not consolidated 





108 THE SCIENTIFIC MONTHLY 


with digitate feathers, the hind legs were wide apart and 
with distinet tibia and fibula as in the reptiles, with 
pelvic bones distinct as in reptiles with no body f, 
latter on only the wings, legs and _ tails—with 
and obvious volplaning habits. (Archexopteryx 
tailed bird of the upper Jurassic. ) 

Before taking up man, I have time to consider but 
the many groups of mammals whose history is almost 
known. You doubtless think of elephants in North An 
in connection with zoological gardens or circuses. a) 
phants were a most conspicuous element of the An 
from the middle Miocene to the end of the Pleistocen 
ous bones and teeth have been found here in Mary] 
lived in America much longer than has the human 
longer than the bears which we commonly think of 
istically American. The elephants were originally in 
the old world. They occupy to-day a somewhat iso] 
among hoofed mammals and display a curious but 
standable mixture of specialized and primitive char 
specializations are in head and teeth, their conservat 
and limbs. To understand their ancestry, we must 
five or six African and Asian species of the prese1 
obvious feature is the long trunk or proboscis that 
Proboscidia to the order. This trunk is simply an elongat 
although it did not come into existence in the way K 
Aside from the trunk the tusks mark the elephant 
simply much modified upper incisor teeth. The dent 

l 0 0 3 
then i— c— pm— m— __ This is not the whole stor) 
0 0 0 3 
however, for, if you examine an elephant’s teeth, y« 
find more than a single immense functional grinder 
ramus—the milk molars, developing serially 1, 2, 3 


‘ 


in turn by the molars 1, 2, 3 during life—the wor 
pushed forward and out, a contrivance for increasing t! 
life span, for an animal is only as long lived as 
mechanics of trunk and tusk support have special 
cranial bones are thickened and lightened, hence the 
shooting an elephant in the brain. The neck is shorten 
the head weight nearer the withers. The body is long a! 


with large shoulder and hip bones. The feet are short 
with the nail-like hoofs around the edge. Toes are 
all hoofed (Indian 5 in front, 4 behind; East African 4 


} 
ne 


- ‘ . . all 
3 behind). Limb adaptations are those common to all 
mals of other stocks. Most quadrupeds have knee and « 
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manently bent. Great weight necessitates the straightening of the 
mb and individual bones and the shifting of the articular sur 
es from an oblique to a right angled position. Weight of tusks 
suses a Shortening and heightening of the skull. Shortening 
vs the weight arm of the lever nearer the fulcrum at the neck, 
and heightening lengthens the power arm and affords attachment 
the increased musculature. (Modern tusks weighing 
are recorded.) The lengthening of the trunk makes it w 
necessary for the mouth to reach the ground for food and water. 
The earliest known fossil elephant, only a potential elephant, 
was of upper Eocene age and comes from near Lake Moeris in the 
Fayim, and was consequently christened Moeritherium. It was 
small and somewhat suggestive of a tapir. The skull was long and 
narrow, the trunk was merely a snout, the neck was moderately 
¢ and the limbs were slender. The teeth were the most signi 
3 l 3 3 
ant feature. Formula > cy pm - mz First upper incisor was 
small and simple, the second was a downwardly directed small 
sk. The third and the canine were non-functional and there 
ere 6 grinders, simple and quadritubereular (4 cusps 
rests). In the lower jaw the incisors were procumbent. The 
first long, the second an enamelled tusk with worn chisel edge: 
the third and canine already gone and 6 grinders. The second 
stage of elephant evolution was Palewomastodon of the lower Olig 


e of the same region. Several species are known, r 


size from that of a modern tapir to a half grown Indian elep 
= - 0 3 3 
looth formula ¢ ; ¢p pmy mz canines have gone; t 


reduced to a single tusk in each jaw ramus, ?. ¢ 


two lower tusks. All the grinders are functional, but 


nereased in complexity and now consist of six 

rests. The trunk was still short, the head still long and narrow, 
the limbs heavier, but still relatively hght. The elephants now 
spread into southern Asia and over Europe during the 


Lilie 


lower 
Miocene, giving rise to various collateral lines of evolut 


ir different routes of dispersal. They increased greatly 


i 


America during the middle Miocene, and these four-tusked forms 
spread from Nebraska to Florida. The old-world stock shortened 
the chin and lost the lower pair of tusks during the Pliocene, giving 
rise to the mastodons and mammoths of the late Pliocene and 
‘leistoeene, which reinvaded North America and ranged south- 


vard to the straits of Magellan. Our mastodon survived much 


nd became more elephantine in appearance. They reached 


ater than the European mastodon, and the males sometimes show 


vestigial tusks in the lower jaw. The mammoth was the contempo- 
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rary of early man in Europe as the many excellent 
the stone age show, and probably also in North Amer 
what vaguely pictured carved bone and associated ff 
They were so common over the northern hemisphere 
that we have reeords of 1,635 fossil tusks. averaging 1° 
ing exported from Siberia in a single year. Betwee: 
1833, trawlers out of Happisburg, Norfolk, dredged 2.00 
molars from the submerged old land of the North S: 


>? > 
> tT r) 
ICISLOCe 


three true elephants in America during the | 
ern or Hairy Mammoth, the Southern or Columbian M 
and the Imperial Mammoth, the latter standing 1: 
shoulder. ) 

The family tree of our noblest of domesticated 
horse—has been ealled the example de luxe of 
no animal stock is more completely known or has 
+} 


tacular history. Long domesticated the modern a: 


almost everywhere that man ean live, and of many | 


wild animals, horses are found only in the Old World 


times—the arid plains of Central Asia and Africa. 1 
several species—horses, asses, zebras and quaggas 

in tooth and skeletal characters, but strikingly different 
ance, because of the superficial difference in coloratio: 
development of forelock, mane, tail and ears. They 
all living animals in having a single toe on each foot 
motest ancestors were small five-toed plantigrade anin 
all of the earliest mammals. Hosts of fossil species 
some extinet side lines especially adapted to certain @1 
like the small mountain horses or the forest-dwelli: 
ground-inhabiting forms. Others were a part of tl 
line. The earliest known fossil horse you would not 


) 


a horse. How do we know it was? By tracing backw 


step from the known. Nearly every stage of this ancestry 
complete, and we are as certain of the remote Tertiary 1 
are of the present cart horse. The earliest well-know 
horse is the tiny Eohippus or Dawn horse of our 
It was about the size of a fox terrier, t. e., 11 to 1 
with a short neck, long body, arched back, short legs 
teeth. The front feet had 4 functional toes, and a sp! 
senting the first or thumb. The hind feet had 3 funct 
2 splints representing the first and fifth. It is signifi 
that time the ancestral horse line is so generalized that 
eould not distinguish it from the contemporaneous 
rhinoceroses or tapirs. 

The second-stage Protorohippus of the middle 
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about the size and proportions of a whippet hound. 
spl had now disappeared from the front foot, 
splir t from the hind foot. > welcht was 
enter on the middle toe, but it required two or 


more to completely suppress tl 


thr 
tnree 


le 


+ 


rht pass in review each stage of 


‘pihippus of the upper Eocene, the Mesohippu 


the size of a sheep, the Mioce ne, Protohippus, 


hipparion, ete. The upper Miocene Protohipp iS is ll 

and may be briefly characterized. About 

ver head. longer teeth. deep: r jaws, shortened 
feet, only the third toe normally reach 

ond and fourth were complete ‘‘dew 

nport the weight on soft ground. There 


bh 


ser 


ee-toed horses. and in the late Tert 
over the world, being found in 


Vel 


1, as well as in North America. By Pleis ime the horses 


had become monodactyl, varied, abundant and wide ranging. So 


countless were the herds that the Sheridan f« rmation ol! ne West 
was long known as the Equus beds from the abundance of their 
fossil remains. When, however. Amerie: as discovered, horses 
had become extinct in the western hemisphere as well as in native 


i 
#3 


although their bones are found associated with flint im 


tradition, 
plements, pottery and fire refuse. They appear to have first been 
domesticated during the Neolithic, that is about 7000 B. C. in 
Europe, but probably at a much earlier date in Asia. Our modern 
work horse is descended directly from the European Neolithie 
horse, which was much like the Celtic pony. Descendants of this 
low-bred primitive race were distributed over Eurasia, where they 
are still represented by the Norwegian and Mongolian ponies. All 
the earlier horses of written history belonged to this type. It was 
improved by importations from Libya—the Arabs, for example, 
getting stallions and brood mares from Barbary, where the stock 
had suffered no ill effects during the Pleistocene glaciation, there 
having been no severity of climate in northern Africa. The course 
of evolution in the horses was not confined to the feet. It may be 
summarized as follows: 

Along with the disappearance of side toes went increase in 
length of leg and foot, especially the distal portion. Increased 
length of the lower leg and foot increased length of stride and, as 
the chief muscles are in the upper leg, the center of grav ity was 
changed very little, consequently the swing was about as rapid 
but mechanical strain was greatly increased, so that strengthening 
at the expense of flexibility by consolidation of the lower leg and 
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arm bones and conversion of ball and socket into 
(ginglymoid) occurred. Lengthening of limbs for spee 
animals necessitates lengthening of the neck. Loss of 
hard ground adaptation for speed. The lengtheni) 
which caused the deepening of the jaws was ai 

hard food and ensured more thorough mastication 
life span. Inerease in size, although demanding an 
supply, is a better defence against enemies or comp 
evolution of the horse was from forest and swamp to 
and went hand in hand with the evolution of 

Since monkeys are unaccountably not fashionable 

fond of horses here in Maryland, [ show you 
skeleton of a modern horse and man. Not only in the 
of all his physical parts, bone for bone, muscle for n 
nerve for nerve, is man fundamentally like the other 
but his specifie organie functions are identical. We } 
diseases ; we are similarly affected by the same dru 
whole wonderful advance of physiology and experim 

is built up on this truism. Have you ever thought of 
generations of meat-eating humans involved 

of the two human tape worms—the one passing 

stage in beef and the other in pork and of which 

host of the adult stage. The pre-humans wet 


tT} 


and we should not fail to take into account 
nutrition in shortening the digestive processes and 
properties of the proteins and their split products tl 
in diet gave our ancestors the energy for other things 

I have already mentioned the remoteness of man’ 
with the existing monkeys and apes. Unfortunately, 
slight knowledge of the earlier stages which remain 
unexplored regions of Asia and Africa, to which mt 
points as the original homes of a majority of the man 
that appeared in Europe and North America during 
But we know much of our less remote fossil ancestors. 
of their slowly advancing skill in the fashioning of 
implements, in the discovery of the bow and the 
innumerable, and their skeletal remains are fou 
estimated at from 250,000 to over a million years. W 
] 


¢ 


least two, perhaps three extinet genera of men a) 


distinet human species. All the existing races of 


} 


blaek, red and Vy ‘llow helong oO th » Si izle zoolog CAl 


we modestly eall Homo sapiens. I should say that our 
] 


of the exaet stages between non-human ape-like animals 


Peo 


is as complete as was the knowledge of the evolution of 
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ol 


the founding of this university when Huxley 
the evolution of the horse. 


lee 
At the present rate of dis 
Piltdown man in 1911, Foxhall man in 1919 and Broken 
in 1920), another generation will not pass before the 


‘-omplete. 


relating what we now know of this story, I should 
to how we arrive at estimates of age in this part 
il ecolumn—estimates which are as exact as the 
what is called the historic period. During geolog 
liately preceding the present there is conclusive e\ 


. of ice spreading over northwestern Europe and 


America. This was not a single episode but a 


» suecession of glacial stages and milder intergla 


ial stages 


some of which were much longer than the time that has elapsed 


since the last ice sheet shrunk away from the Baltie or from the 


ley of the St. Lawrence. Naturally the deposits and moraines of 
last ice sheet are fresher and less disturbed than the similar 
traces of the earlier ice sheets. By counting the annual layers 


The 


) 


clays in the wake of the shrinking ice of the last glaciation, we 
trace and date its gradual withdrawal from the plains of 
ermany across the Baltic to the Scandinavian uplands, and the 
re broken clay layers in the valleys of the Connecticut, Hudson 
na Champlain vive the story for this country. Using this pel iod 
time as a unit, we calculate from a variety of criteria the dura 
of the earlier glacial and interglacial stages. The oldest 
man-like animal comes from distant Java and dates from 
beginning of the Pleistocene, or from 250,000 1.000.000 
s ago, or more precisely, twenty five 


times as long 
erval sinee the last ice sheet extended across Long 


nds here in the eastern United States. Evidence of human, 


vou prefer so to call it, pre-human, industry in the form 
lely chipped flints and a knowledge of fire occur st 
the recent discovery of the Foxhall man in Eas 
perly dated, we shall have unmistakable evidenc 
Pliocene. Our knowledge of the ape man of 
der footing. First of all, he came from Asia 
eater part of the considerable variety of animals : 
uund fossil with him. The motive power was 


ial 


mountain areas in the late Tertiary. The 


le climates in Asia resulting from the grad 


i 


luding the ape man drifted to the southeast 


leys that at that time of emergence made 
Malayan region. The anatomical features of 


) 


a sil 


Our interest centers on the brain case 
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he was a ground inhabiting biped and not arborea] 
capacity has been variously estimated between 850 
compared with 1,300 to 1,700 of the Neanderthal ma) 
Interglacial period, or 650 ee, the greatest ape brain 
which has twice the body weight of a man. The | 
lobe region of this brain ease shows conclusively tha 
thropus possessed speech not sounds or signals express 
tional states, but that he was capable of transmittir 
formation. In the painstaking models of MeGrego 
aged to superimpose on the obvious inheritanee of th 
of fleeting intelligence and a dumb prophetic 
promise of the great things of the then far off fut 
fess to feeling a more tremendous thrill in the eo) 
that empty brain case than any other fossil has i 

A long gap in the record brings us to Sussex 
Eoanthropus or Dawn man of Piltdown. Diseov 
usual ignorance resulted in the destruction of most o! 
as it did also in the wonderfully interesting find iy 
Mine of Rhodesia, so that only a few fragments ot 
and a portion of the jaw were saved. Subsequ 
ments of other individuals have rewarded the most 
painstaking search. If there is a wise Providence 
the world it is certainly watching over the paleontologists 
their crities, which is rather surprising if paleontol 
bad as they are sometimes painted, for these later finds 
the pieces needed to supplement the earlier, and to 
Woodward’s conelusions. The Piltdown man probabl) 
the long and warm second Interglacial period. With hin 
very primitive worked flints of the type known as 
together with bones of the rhinoceros, hippopotamus 
deer. The skull is about twice as thick as a modern and 
thicker than a Neanderthal skull. Its capacity was al 
The jaws are protruding, the chin receding, the nose f! 
the canine teeth very prominent; in fact, although t! 
brain are essentially human and denote the power o! 
jaws and teeth are much like those of a young chimpa! 
certain muscular attachments of the neck and tempora 

About the same age as the Piltdown man is the so-call 
berg man, based on a single jaw found in 1907 associat 
large fauna at the base of the Mauer sands, 79 feet be! 
face. This jaw is exceedingly massive with receding 
human dentition, and is generally regarded as merel) 
species Homo heidelbergensis, although some students wo 


0 


a distinct genus, Paleonthropus, for its reception. It see! 
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1.dow the Neanderthal race of the third Interglacial period 
ver implements representing the evolution of 
| confining our attention to actual human bones, we must 
yn from the time of the Piltdown and Heidelberg men over 
nterval, estimated at from one to two hundred thousand 

the Neanderthal race. I say race advisedly, because 
stile erities have waxed humorous or satirical over the type 
found in the Neander valley near Diisseldorf, as 
whole story. The earliest find of this race was 
nd at Gibraltar in a cave in 1848, but the sig 


is not recognized until 1887. The Neander skull 

es and other fragments was discovered in 1856. an 
was received with indifference even by 

and it was not until a generat 

letons were found at Spy near 

wnition of their significance became 

this race in western Europe was contemporaneo 

the last warm forest and meadow fau 


vith the invasion of animals heralding 
riae@iation. Henee the Neanderthal 


ls writes picturesquely, but not especially 
il-like habits, but the Neanderthalers were hardy, 


KRain-ii 
have utilized the bison, wild cattle, horse and di 
eave bear and cave hyenas the successive 
es often tell an eloquent story of the struggles betwee 
ast for possession. Fire played its part and old hea 
indantly preserved. Spears and throwing stones appeat 
the weapons used. The abundance of skeletons of th 
to their eave habit and hence their better chance for 


¢ 


Over an interval of something like 50,000 vears, if 1 much 


ger, preceding Neanderthal times, we have abundant evidence of 

man industry in the pre-Chellean and Chellean cultures repre 

ed by flint implements, but these open-air nomads either threw 

lead to the hyenas or buried them in the river terraces on 

ch they dwelt, where the chances of preservation and fossiliza 
were remote. 

H mo neanderthale nsis, primige nius or mousteriensis as it has 

en called, has been discovered at over twenty different localities. 

Skeletons of men, women and children and of many individuals 

have been collected, so that the earlier critics of the type material 

who pronounced them merely pathological, 7. ¢., a diseased modern 


lan, are completely and absolutely refuted. In many of their im 


‘tant features this race was more ape-like than human, but their 


were decidedly human: they possessed the power of speech, 
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fashioned skins and weapons, were skilled in the us: 
practised ceremonial burial, placing implements w 

the first appearance in the geological reeord of a beli: 
existence, so that we can not cut them off from us 
were apes and not men. Let us get a good picture of t} 
lived in Europe longer than have the Anglo-Saxons. Th: 
and thickset—the tallest skeleton indicates a heieht 
inches; with very broad shoulders and museular rob 
hands, short fingers, and not entirely perfected thumb 
were clumsy on foot, with ape-like legs, in that the sh 
short and the thigh long (shin 76 per cent. of thig! 
were habitually bent, and they were squatters instead 
when resting or working, as shown by the facets on t! 
astragulus). The forearm was relatively short, lik 
Eskimos, Lapps and Bushmen. That they were far ren 
contemporary apes is shown by their arms being but 68 
the length of their legs. In apes the reverse prevails 


panzee’s arm is 104 per cent. the leg length. The posit 


foramen magnum, and the neck vertebra indicate stoop: 


with the head held well forward, and a spinal colum: 
that of a modern baby. The head was massive, wit! 
retreating forehead from heavy overhanging brows 

ic), with broad flat nose, long upper lip, prognathous 
ceeding chin. The skull was thick, but capacious. T! 
similar to, but less massive than, that of the Heidelbe 
the second Interglacial. Let me point out that if you sl 
a modern skull with some of the ape-like features of th 
thal skull, it would prove nothing. Some of these ap: 
do oceur in recent rare individuals of the lower races 
present in the Neanderthal skulls that have beer 
have said that the skull was capacious—the limits of 
1.300 to 1.700 ee (existing man, 950 to 2.020 ec). The 


Neanderthal brain was therefore entirely human, b 
emphasize that a large head does not necessaril; 
except a field for tonsorial art, and what critics 
account is that the Neanderthal brain, althoug! 
lacked quality—its proportions were decidedly 
modern brain—those parts concerned with the highe1 
less developed and with simpler corvolutions—this is 
ence, but is based on the actual configuration of the 
brain ease (we even know that. they were right-| 

50 sites of Neanderthal industry are known in west 
(see map) and their implements increased in variety 


in technique as the years passed, but not to any remark 
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ropologists hold that the Neanderthal race is repres¢ 
inn and Piedmont races of the upper Paleolithic 
were exterminated by the arrival in western Europe of 
from Asia about 25,000 years ago. This pr 
Homo sapiens, the same species as ourselves, a 
from Asia Minor through Tunis into Spai 
e the northern shores of the Mediterranea 
successive cultures are known as the Aurignacian. 
nian and Azilian, and the development of their 
rt has been traced with the most detailed precision ’ 
hunters. and followed in the trail of the wild ass. Elasm« 
steppe horse and various other Asiatic immigrants. Ass« 
with fourteen Cro Magnons skeletons in the Grotto on the 


iviera near Mentone are two negroid skeletons. (I will not stop 


to deseribe this negroid Grimaldi type. The fourth Glacial 


period had not yet closed when the Cro-Magnons apeared in Eu 
rope, but the climate was dryer—the summer temperate, but the 
winters severe. Most of the stations where their remains have bee 
liseovered were in caves or rock shelters, but several open camps 
have been discovered, as at Solutré which was probably a summer 
assembling of hunters. This remarkable race was tall, the average 
height 6 ft. 14% inches, with large chest, relatively long legs, re 
markable lengthening of the forearm and shin, wide short face, 
prominent cheek bones, narrow pointed chin, narrow skull, aquiline 
nose and shallow orbits. They were vigorous and fleet-footed, 
practiced ceremonial burial, had much improved implements it 

eluding the bow and arrow and stone lamps, with brains 1,500 to 
1,880 ec. They show an appreciation of animals and have been 
“alled the Greeks of the old stone age because of their art, which 
included drawing, engraving, paintings and bas reliefs on cavern 
walls and floors, and the carving of soapstone, bone and ivory. 
heir history shows fluctuations in art and industry, in particular 
their flint workmanship declined with the introduction of bone im 

plements. During the climatic fluctuations coneerned with the 


oscillations of the shrinking glaciers and concomitant geographic 


hanges, both their culture and physical vigor show a decline. 


Their history covers a period of from 10,000 to 15,000 years, and 
luring this time there probably was some intermixture of other 
blood. Disharmonie skulls, i. e., broad face and narrow skull, are 
still found in the Dordogne and at a few other localities and near 


by is the primitive agglutinative language of the Basques. Some 
onclude that these represent late survivals of the Cro-Magnon 

They were followed by fishing races and the first broad 
headed types, the Maglemose culture (possibly Teutonic) around 


+) 


he Baltie, the Mediterranean (known as the Tardenoisia) and 
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the Alpine (Furfooz Grenelle) along the Danube (, 
bles). This was from 7,000 to 10,000 years ago, and 1 


Campignian culture of this time is transitional to t} 
or New Stone Age of polished stone. 

The rest of the history belongs more to Anthro; 
Archeology. The Robenhausian culture of the Swiss 
lake dwellings about 7000 B. C. shows permanent dwe! 
tication of animals and cultivation of crops with us: 
the Copper Age extended from 3000 to 2000 B. C.; the B 
in Europe from about 2000 to 1000 B. C., in Orient 40 
B. C.; the Iron Age (earlier or Hallstatt culture Eu 
1000 to 500 B. C., in the Orient from 1800 to 1000: and 
[ron Age from 500 B. C. to Roman times in Europe. 

Note the cumulative rapidity of the advance as com) 
slowness of change in earlier stages. 

Although very much remains to be discovered we kni 
to assure the layman that man has had a long evolutio 
extending over tens if not hundreds of thousands of 
this knowledge breed cynicism and irresponsibility. W! 
does science give on this point? Since late Paleolithic 
toward the close of the Old Stone age, 25,000 years ag 
evolution biologically has been slight and to some extent 
grade. Skull bones and teeth have changed but little 
during this period of slight physical change that our 
made the most astonishing progress, and the hope is nat 
there is no limit to the betterment of the race by the 
wisdom, altruism and idealism—the spiritual graces if } 


so to call them. 


1 Figures from Obermaier. 
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SOCIAL LIFE AMONG THE INSECTS 


By Professor WILLIAM MORTON WHEELER 


BUSSEY INSTITUTION, HARVARD UNIVERSITY 


Lecture I]. Part 2. Wasps SoLivarRy aNnpD Soci 
\uthorities on the classification of the social wasps now « 

nto five subfamilies, namely the Stenogastrinw, which ar 
1 to the Indomalayan and Australian Regions, the 


ul 
, 
the Polistine, 


confined to the tropies of the Old World, th 


Ropali 


are cosmopolitan, the Epiponine, possibly comprising 
descent from Eumenes-like and Odynerus 
mostly 


two 


lependent lines of 

ancestors respectively and constituting a large group 
ned to tropical America, with a few species in the Ethiopian, 
lomalayan, Australian and North American regions, and the 


which are recorded from all the continents except South 
the Sahara 


} 
Lu 


Vespine, 
\merica and the greater portion of Africa south of 


(hese five families may be briefly characterized before considering 


some of the peculiarities of social organization common to most 01 


ill of them. 

1). The Stenogastrine evidently represent a group of great 
terest, beeause they form a transition from the solitary to the 
social wasps, but unfortunately our knowledge of their habits is 


ery incomplete. F. X. Williams has recently published observa 
tions on four Philippine species, and though his account is frag 
entary, it nevertheless reveals some peculiar conditions. He 
shows that the single genus of the subfamily, Stenogaster, includes 


both solitary and social forms and that all of them exhibit a mix 
\ l! 


ture of primitive and specialized traits. The species all live 
nests with 


30 E 


a pendent 


lark, shady forests and make very delicate, fragil 
particles of decayed wood or earth. S. depressigaster (Figs. 


ind F) hangs its long, slender, cylindrical nests to 


hair-like fungus or fern. The structure consists of tubular. inter 


twined galleries and cells, with their openings direeted downwards. 
The colony comprises only a few individuals probably the mother 
wasp and her recently emerged daughters. The eggs are attached 
to the bottoms of the cells as in all social wasps and the larve are 
fed from day to day with a gelatinous paste, which Williams be 
lieves may be of vegetable origin. In the cells the older larve and 


the pupe hang head downwards. Another social species, S. vari 


Lowell Lectures. 
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consisting 


| 


f 
i 


constructs a very different nest, 
Cave 


pictu Ss. 


sandy mud mixed perhaps with particles of « 


ot 


attached side by side in groups to the surfaces of 1 


trunks (Fig. 30 G 
\ nest may consist of thirty or more ¢ 


In this case also the cell-openings 


downward. 


FIG. 30 
wasps from the Philippines 


B. Completed nest of same; C. Nest 
sp., wit 


Nests of Stenogastrine 
var. luzonensis, female 
basal portion completed; 
“guards”; E. Nest of S. depressigaster; 
ment of cells and passage-ways. The numbers indicate t 
f the passage-ways are shown in two planes by series of parall 
varipictus on the bark of a tree. (After F. X. Wil 


D. Nest of Stenogaster 
F. diagram of same s! 
he t 


Nest of S. 
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nded and naked comb of a very primitive Africa 


ister junceus, with young cells above and old 


itural size Me st of the wasps have bee 


nging food-pellets to the larva ( Phot 


rows. There are only a few wasps in a colony, and when the larve 
ire full-grown the cells are sealed up by the mother as in the soli 
tary wasps. But after the young have emerged the cells may be 
sed again as In many of the social species. Williams describes 

d figures the nests of two solitary species, one an undetermined 
rm, the other identified as S. micans var. luzonensis. The nest of 
he former (Fig. 30 D) is suspended, like that of depressigaster, 
rom some thin vegetable fibre and appears to consist of particles 

decayed wood. It is a beautiful, elongate structure of seven 
tubular, ribbed cells, arranged in a zigzag series with their openings 
low and two peculiar umbrella-like dises around the supporting 


hy 
a: 


These dises ‘‘remind one a good deal of the metal plates 
fastened to the mooring lines of vessels and serving as rat guards. 
Cheir funetion in the case of the nest may be an imperfect protee- 

from the ants, or perhaps they may serve as umbrellas, though 


r they nor the cells are strictly rain proof.’’ They may pos- 


be rudiments of the nest envelopes which are so elaborately 
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developed in many of the higher social wasps. The 
attends to several young simultaneously, and whe 
ment is completed seals up the cells. S. micans 
Fig. 30 B) makes the most remarkable nest of all. 
to some pendent plant filament under an overhane 
under masses of dead leaves supported by twigs o 
made of ‘*moist and well-decayed wood chewed up 
formed into delicate paper which is not rain proof 
portion of the nest (Fig. 30 C) is a single comb of 
lar, hexagonal cells, enclosed in a pear-shaped co 
longitudinally grooved and ribbed on the outside a) 
below to form a filigree-work, funnel-like aperture s 
one side by a spear-shaped expansion. This species s 
have been observed in Ceylon by E. E. Green, who 
‘‘the nest seems to be the property of one pair on] 
Two other species, S. nigrifrons of Burma and m 
are also recorded as social. They make nests consist 
pendent, hexagonal-celled combs attached to one anot! 
der pedicels. All of the deseriptions indicate that th 


the social species of Stenogaster must consist of ve! 


viduals, and there is nothing to show that the femal 


FIG. 32 
Nest of Polybioides tabida from the Congo, with the 
moved. (After J. Bequaert from a photograph 





SOCIAL LIFE AMONG THE INSECTS 


anv way from their mother or that they assist 


ood. Even in the ease of 8. varipictus, Williams remar tg 


ll way, it seems to be a social wasp; one to several insects 


“=~ "Fi, 


FIG. 33 
D ~. Ia} ‘. 1 

t Polybioides melaena of the Cong 

the pendent combs, which have 


Bequaert, from a pl 
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attend to a cell group. It may be, however, that 

her own lot of cells in this cell group.’ Future 
may show that none of the species of Stenogaste) 

in the same sense as are the four other subfamilies 
approach the definitively social forms in using paper 
struction of the nest, in sometimes making combs « f 
gonal cells and in earing for a number of larve at th: 


» 


The Epiponinew are a large and heterog 
comprising a much greater number of genera (23 
subfamily of social wasps, and ranging all the wa 
primitive forms like Belonogaster to highly special 
Chartergus and Nectarina. Great differences are als 
in the architecture of the nest, which in the more primit 
consists of a single naked comb of hexagonal cells atta 
support by a peduncle (Fig. 31), and in the more advar 
of a single comb or of several combs superimposed on o7 
and enclosed in an envelope with an opening for ingress 
Figs. 32 and 33). The combs are in some eases 
stelocyttarous), in others attached directly to the supp 
the envelope (phragmocyttarous). In nearly all cases 
made entirely of paper, but in a few tropical Americ 
some clay may be added. It is always above ground and 
to the branches or leaves of trees, to the underside of sor 
roofs, banks, ete.). In primitive forms like Belonogast 
31), as a rule, a single fecundated female starts the nest by 
ing a single pedunculate cell and then gradually adding 
circles concentrically to its periphery as the comb grows 
infrequently the foundress may be joined by other females 
the work has progressed very far. Each larva is fed w 
of malaxated caterpillars till it is full grown when it spins 
vex cap over the orifice of its cell and pupates. The 
females are all like the mother in possessing well-develop: 
and in being capable of feeundation. In other words 
males of the colony are physiologically equal, and even s 
ences in stature as they may exhibit have no relation t 
The colonies are small, the nests having usually only ab 
60 cells, rarely as many as 200 to 300. In larger colo: 
a certain rude division of labor since the older femal 
themselves to egg-laying, the younger to foraging fo! 
nest materials and the recently emerged individuals to t 
larve and earing for the nest. The males, too, remain 01 
but behave like parasites and exact food whenever it 1s 
in by the foraging females. Belonogaster is descri! 


polygynous wasp because each of its colonies contains 
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ated females. When it has reached its full development 
s leave in small companies and found new nests 
together. This phenomenon is known 
s only in the wasps of the tropies wher 
to the favorable climatic conditions 
‘rican genera of Epiponine, however, 
like but are differentiated into true females 
viduals with well-developed ovaries and capabl 
and workers, +. e., females with imperfectly 
sand therefore sterile or capable only of lay ing u 
odueing eggs. Many of these wasps, according 
[hering and Ducke, are polygynous and regularly 
onies and nests by sending off swarms of workers with one 
lozen queens. The colonies often become extremely popu 
d comprise hundreds or even thousands of individuals. 
the species (Nectarina, Polybia) have a habit 
iderable amount of honey in their combs, wh 
to capture, kill and store within the nest e 
the combs, quantities of male and female tern 
ts as a supply of food to be drawn on when needed 
}). The Ropalidiine are a small group of only three genera, 
best known of which is Ropalidia. These are primitive wasps 
vhich build a single naked comb like that of Belonogaster and 


ed their young with pellets of malaxated insects. The colonies 


» small and polygynous, but, according to Roubaud, true workers 


be distinguished, though they are few in number compared 
the true females. Swarming seems to occur in some species 
+). The Polistine are represented by only two genera. One 
these, Polistes, is cosmopolitan and, like Ropalid 
vaster makes a single, naked comb, suspended by l 
ntric peduncle to the underside of some shelter 
| ecommon species in Europe and the United St 
e genus are well known. The nest is usually estal 
ts incipient stages constructed by a single fen 


} 


rtain number of her offspring are workers tho 
to lay male-producing eggs. True females 
us in the colonies of some species, which 
“dl as poly eynous, al d some of the tr pica 
ps, swarm. In temperate regions, however, 
annual development and usually not very 
females are fecundated in » late summer 
hidden away under bark or in the crevices of 
merge in the spring to found new colonies 
s, even in temperate regions, are known to 


f honey in their combs. 
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9). Like the Polistine, the subfamily Vespina 
two genera, Vespa and Provespa. The species of 
only genus besides Polistes that occurs in the north te: 
are the largest and most typical of social wasps. S 
the species are strictly monogynous. The nest 
single female, consists at first of a small pendent co: 
Polistes. but while there are still only a few cells 
spherical envelope is built around it. The eggs first 
workers, which are much smaller than the mothe: 
of feeundation. They remain with the parent, 
and envelope and, to accommodate the rapidly 
build additional combs in a series from above dow: 
comb being supported by one or more peduncles 
comb above it (stelocyttarous). At first large nu 
are produced, but later in the summer males an 
Owing to the greater size of the females, the 
are reared are considerably larger than the work 


1 . 
‘ 


the mating of the males and females the colony p: 
exception of the fecundated females, whiel 
males of Polistes and during the following spring 
nies. In the Vespine, therefore, a very distinct w 
been developed, though its members occasionally and 
larly lay male-producing eggs. The species of Ves] 
divided into two groups, one with long, the other wv 
cheeks. In Europe and North America the long-che 
a rule build aerial nests above ground, the short-cheel 
cavities which they exeavate in the ground. The 
often be very populous by the end of the summer 
individuals). 


} 


After this hasty sketeh of the five subfamilies 
wasps we may consider a few of their fundamental lb: 
peculiarities, especially the trophic relations betwee! 
and larve, the origin of the worker caste, its ultimate 
tain parasitic species and the question of monogyny and 
In all these phenomena we are concerned with effects o! 
supply and therefore of the external environment. 

The feeding of the larve by Vespa and Polistes q 
workers with pellets made of malaxated portions of 
flies or other insects has often been described and car 


witnessed in any colony kept in the laboratory. The hw 


protrude their heads with open mouths from the orifices ot 


like so many nestling birds, and when very hungry may 
seratch on the walls of the cells to attract the attent 
workers or their nurses. The feeding is not, however 
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closer observat on shows that the 
th drops of sweet saliva which 
behavior of the larve has 


the higher wasps 


been obse 


rhis 
. > 
l rLLVSSO!] 


\ espa 


ilies ot by ad 
Du Buysson says that the larve « 
t liquid. When they 


abundant 


ekle out. 


The queen, the worke 


for the secretion They know | 
such a way as to make them furnish 
to prove that he secretiol S 
ind that it flows from 


‘This product,” he says 


especially by the 
in order to obtan t. ge 
Most attention has been bestow: 
|. from whose interestn 
nd Polistes I take the follo 
ar from secrete 
x. on the interior surface 
sal vary hiqu d, which at the 
a drop. All the adult wasps, males as we 
nely eager for this salivary secretion, the ta 
ary. It is easv to observe. 
demand for this larval pro 


TK provoke its secretion. 
\s soon as a nurse wasp has distr buted ney Too 
she advances with rapidly vibrat 


ous larve, 
a larva 


e of each cell containing order 


v drop that flows abundantly from its mouth 

| to elicit the secretion is very easily observed. 
tions of the nurse serve as a signal to the larva 
to receive the food, protrudes its head from the 


This simple movement is often accompanied by 


But if the secretion does not appear tI 
it toward her and 


flow of saliva. 
s the larva’s head in her mandibles, draws 


suddenly jams it back into the cell, into which she then thrusts 


These movements, involving as they do a stimulation 
ete 1TS 


head. 


borders of the mouth of the larva, compel it to sec 
livary liquid. 
One may see the females pass back and forth three or four 


front of a lot of larve to which they have given mt 
The insistence with which they 


triment 


eS 


? 
il 


ler to imbibe the seeretion. 


rm this operation is such that there is a flagrant disproporti« 


rt 


tw pe) 
er 


the quantity of nourishment distributed among the larve 
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by the females and that of the salivary liquid 
There is therefore actual explo tatior 
the nurses. 

‘*The salivary secretion may even be demand 
without a compensatory gift of nourishment, bot! 
that have just emerged and by the males during 
the nest. The latter employ the same tact 
compelling the larve to \ eld their secretion i" 
pecially after they have malaxated an alimentary 
selves, so that there is then no reeiproeal exe} 
material. 

‘mw easy to provoke the secretion of th 
Merely touching the borders of the mouth will bi 
forward movement of the larve at the cell entra 
to protrude their mouths to reeeive the food pe 
induced by vibrations of the air in the neighborh 
It is only necessary to whistle loudly or emit sh 
nest of Belonogaster to see all the larvw prot: 
the orifice of the cells. Now it is precise 
air created by the rapid agitation of th 
repeated beating of their wings that ec: 
either at the moment when food is brought o 
obtaining the bueeal secretion which is so eagerly s 

Roubaud has ealled the interchange of food | 


+ 


**oecotrophobiosis, *’ but for reasons which I eannot st 
I prefer to use the word ‘‘trophallaxis.’” It will 
larve have acquired a very definite meaning for t 
all the castes and that through trophallaxis ver 
ical bonds have been established, which serve 
bers of the colony, just as the nutritive blood st 
binds all the component cells and tissues togeth 
even in forms like Synagris cornuta the lary 

ine for the mother. In this case Rouba 
mother while malaxating the food-pellet hers 


before feeding it to the larva, and that ‘‘the inter 


partly disappeared during the process of malaxat 


no longer, as it was in the beginning, soft an 
nutriment for the larva. It is possible, in f 
caterpillar paté provided by the Synagris ce: 
whieh has partly lost its liquid constituent 
veration in stating that such food would 
nourished an increase of the salivary secretio) 
sate for the absence of the liquid in the prey a 


vestion.’’ It is here that the further developme 
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Belonogaster and other 
saliva of the larva agreeable and a trophall: 
lished. As Roubaud says, ‘‘the nursing 
in the manner here deseribed in the E 
» contact with the bueeal secretion 
ith it and seek to provoke 
to inerease the number of 
the same time to 


the 


As I shall endeavor to 
tes, trophallaxis is of 
‘*e of insects. It seems also 
elopment of the worker caste. Both quee 
fertilized eggs, and the differences 
ly attributed to the different amour 
There seems to be much 
ps. As Roubaud points out 
ictually exploited by the adult 
‘compelled to furnish them with e 
ry seeretion, often out of all pr 
| food which they receive 
substanee and the number of 


isly, especially during the e 


] 
are inadequately nourished 
individuals, with poorly de 
fore become wi 
which has been ealled 
during the adult life of 
rsing instinets. The 
forage for food 
ters. All this 
» them sterile. In other w ls, 
“l from nutriz, a nurse, to use Marchal’s t 
adult worker of the alimentar’ 
‘ted during its larval period. It 
t of the colony, when the number of workers an 
the amount of food brought in have consider 


thea labor of foraging and } | 37 ection Nave eorre spon 


gly decreased for the individual worker, that the larve can 


nore copiously fed and develop as fertile females, or queens. 
that season, too, some of the workers may develop their ovari 


T ? - Ff 


is the members of the worker caste are incapable of feeunda 


‘vy can lay only male-produeing eggs. That this 
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whole explanation of the worker caste will appear 
to consider the much more extreme conditions WW 
mites, but it may suffice to explain the condit 
wasps and social bees. 

Parasitism is another phenomenon which seems 1 
a meager or insufficient diet is responsible for the de 
the worker caste. Although parasitie species are mu 
merous among the bees and ants, I will stop to consid 
a few of those known to occur among the wasps. 
of course, an organism that is able to seeure abu 
for itself or its offspring by appropriating the food 
been laboriously stored or assimilated by some o 
The various parasitie solitary wasps, such as the sp 

mong the spider-storing Psammoch: 

their own young for the young of their hosts 
may come into undisputed possession of the stor 
Among the social wasps there are only two parasit 
austriaca and V. arctica. The former has long bee 


+ 
} 


rope where it lives in the nests of V. rufa. Recently B 
Sladen have found austriaca in the United States. Brit 
and Alaska, but its Cisatlantie host is still unknow) 


lieved to be V. consobrina. V. arctica, as Fletcher 


have demonstrated, lives in the nests of our comm: 


} ‘ di tbolica P Now both austriac t and arctic hi Ve 
lost the worker caste so that they are represented on! 
and fertile females. They were at one time undo 
parasitic like their present hosts, but are now reared 
the workers of the latter like their own more favored se. 
As a result of such nurture what were once 
insects with two female forms have actually reverted 
of solitary forms with only one type of female. 

In conclusion the conditions of monogyny and polyg 
higher social wasps may be briefly considered. It was s! 
the Vespinw and at least most of the Polistine are m¢ 
their colonies being annual developments begun by 
undated queen, and that they perish at the end of the s 
the exception of the annual brood of queens, which aft 
tion hibernate and start new colonies during the follow 
Many of the tropical Epiponine and Ropalidiine, how 
polygynous and the former often form large perennia 


er 


ners. 


le 


‘ 


which from time to time send off swarms consisting « 
feeundated females or of such females accompanied by 
found new eolonies. This behavior is evidently as perfect 


tation to the continuously favorable food and tempe 





{ ry! 


’ " 
rid 
} ‘ 


S al d 
till 
shall fins 


nolvevnv 


We 


nthe environ 
dimensions 


portions of its 


permits 


the 


as 
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the tropies as is that of Vespa 


seasonal vicissitudes of 


differenee of opinion amo 
v or polygy 
> amo 


ny represe} 


x the social wasps. 


il, and probably eve 


f warm re 


y 
if 


LOnS 


Ing post 


wasps in 


i 


7 
eold SPaSONS ¢ more } 


and Roubaud may theref 
vny Is the more prim 


by that 


Ve 


: } 
1) the poly 
i . 


oO} 


following 


SCaSO 
| precisely the same diff 
the 


social bees of tempel 


fous eonditions 


secondarily derived fro 
ly Tl 


1ust be a phenomeno 
ment 


f is unfavorable or the 
to outrun its food supp 
population becomes im] 


INSE¢ 
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CHARLES DARWIN, THE MAN 


By Dr. ADDISON GULICK 


UNIVERSITY OF MISSOl 


T the present time, which marks the f 
L death of Charles Darwim (died April 


erudescence of the old opposition to evolution 
less educated cireles is challenging the attention of 
in this country. But to us it seems much more app 
anniversary to undertake to consider Darwin’s perso 
especially such aspects of his character as bear 
ing influence upon men to-day. 

Charles Robert Darwin was born in 1809 
a eonsiderable variety of excellent mental att 
found; a family in which, if we should try 
standing mental characteristic that found 
should have to say that the most constant trait 
developed curiosity. Robert Waring Darwin. 
physician. He was neither scientific nor philosop!) 
sense, as it is reported that be did not try to 
edge under general laws. Yet he formed a theory 
thing which oeeurred. He is deseribed as hay 
memory for people, events and dates, as being ar 
judge of character, and also a cautious and good 
The grandfather, Erasmus Darwin, showe 
his curiosity, and was the author of 
nomia. Among more distant relations a) 
gave their enthusiasm to such subjects as nu 
and various branches of natural history. 

On the maternal side, Darwin had the 


practical arts for 


he unusual ability in 

amily was noted. His mother died early, 

eight years of age, and the published reco f | 

more than that she was of a most kindly and sympathet 
Charles Darwin felt the very deepest of personal devot 

father, and many of his own traits of char: 

development from the family atmosphere 


This applies especially to his kindliness and re 


others, and his extreme modesty as regards his ow) 





CHARLES DARWIN, 


lishments. As regards traits 
was his opinion that 
ng 


1 ' 
Sehool seems To Nave deen 
1 
scientist. 41 


his 


reminiscences 


undereurrent 

tio! He was not taug! e, 
languages which he would need, nor 
{ To the end of his formal ¢ 
been little more than to esea 


a? 


+ 


ntiny 


this applies even 


n Edinburgh, 


with congenial h 


UU ta, 


wh 


irers who were uncomm 


rene 


On 


-oOnnect 


ences as 


e brushed 1 pon his rusty Gree 


T+ +h; 


’ ng for 
the main he shunne 
stently as he had in Edinbu 

x and riding, and then later 


P heetles. ‘*Nia noet.”’ he 


‘st poem published t 


ally noteworthy were hi 
the professor of botanv 
‘quaintanee with Professor 
‘Looking back.’’ he savs. 

mething in me a little supe! 
rwise the above-mentioned 
ther in ae: e position, we 
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ciate with them. Certainly i was not aware of 
riority.’’ 
Darwin’s keen love of erood iogie and his 


tion seem not to ha been united in the same 


activities in Cambridge, and the thought 


ably be so united seems first to have been brought 


conversation with the geologist Sedgwick in the sum: 
(Life, p. 48): He told Sedgwick of a certain tropica 


that was supposed to have been found in an old 

Shrewsbury, England. ‘‘He at once said that it mu 

thrown away by some one into the pit; but then 

embedded there it would be the greatest misfort 

as it would overthrow all that we know about 

posits of the Midland Counties. ... Il was... utt 

at Sedgewick not being delighted at so wonderful a fact 

shell being found near the surface in the middl 

Nothing before had ever made me thoroughly real 

read various scientifie books, that science consists 

so that general laws or conclusions may be drawn 
Darwin’s appointment to H. M. 8S. Be 

was 22 years of age, was the beginning of 

(Huxley, p. 271): ‘* While at sea, he dilige 

and made copious notes upon the surface 

previous training in dissection, hardly any 

next to no knowledge of comparative anatom) 

work of this kind—notwithstanding all 


+ 


resulted for the most part in a_ vast 

manuseript.’’ It was in geology that his 

show fruit. He had with him the first volu 

ples of Geology,’’ and this book seems to 

fluence upon his seientifie methods than any other one 
In this book Lyell expounds by the inductive met 


fu 


formitarian’’ conception of geological 


history, whiel 
cataclysmic theory which was then generally accept 
eourse of this history as controlled by the prolonged 
very same forces that we can study at work to-day 

of this volume upon him was profound and manifold 
t] 


indeed, that later when he had econvineed himself of 


of natural selection, it beeame his conscious ambition 


his theory to the public in a book modelled along the same 


lines as Lyell’s great work. Under the guidance of this 
became a keen and systematie geological explorer, and 
at the end of his voyage to present the world with three 


monographs in that science, covering the coral islands, 
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CHARLES 


1: and the South American continental 


It is interesting that h 
in 


e recommends geo 


v sited. 
W. D. Fox, telling him that 


‘ 


for thought than in the other 

‘Geology is a capital science 

little reading. thinking and 
at last 


for generalization had at |: 
From this date on, investiga 


nkly his predominant 

sses about certain ports which 

noor field for natural hist 

iat the ple asure of see 

When he returned to Ens 
teristics as a scientific 

ef scientifie events of 


nd publieation of 


be remembered. 


' 
Tl ourselves Will 


if 


the traits which 
letters, and of 


is his keen ability 


mysteries oOo! 
ive sense as to Wi 


solution. It is obvious 
when he started, in 1837. a 
es and varieties in 
mystery ot geograp! 
he ‘* Voyage of the 


of an epidemic amo! 
a similarly clear expressior 
Thus his mind was pe 
most fundamental nature. 


alone His son quotes the ehar 
perimental idea would often 
till I have tried it.’’ 

The problems to which he ¢g 
were capable of approach by the methods of a 1 


st’s methods were alw iys h . preference. 
he collected great masses of facts, the qualitative 
usually oceupied his attention re than their 
mathematical analysis. His did, however, 
gather facts in such quantities that it was on 
and present them by using the simpler form of statistical treatme: 
and he may almost be said to have introduced this method 


as 


mental tool for naturalists. 


l ly possible to masts 


1 
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the solutions to his pre blems, he co 
rarest instances did he have an inkling of tl 
extensive data had been collected. 
exception to this rule, and that 


to science, the theory of the forma 


} 


important cases he started either without 


else with a tentative hypothesis that had later 


It is small wonder that the unwritten 


t 
hypotheses left him iInereas! 
ductive reasonin: 
acceptance of a 
seems to us of to-day to coi 
teristies of his own age, w! 


flung systems of speculative 


It iS possible th it some oO 


I 
ment that Darwin’s speculations 


ems like those of his leading cor 


+ 


elaborate SYSI 
believe that his methods in seeking a scie 
lem of species fully justify the asserti 


satisfied with the orthodox doetrine of 


turn at onee to one of 


had already been propounded. Instead 


to detect some process by whieh species are act 


transformation at the present day and then | 
that within the vast extent of geological time th 
this process to % hieve results of 

Onlv in the one instance of 
I> m2? P ar asa lie<s } - 
Pangenesis’’ he appears superficially to dev 
ence to keep away from elaborate systems of 


himself most keenly alive to a difference in 


a 


visional, unproved hypothesis which he brings 
a helpful stimulus to the investigation of heredity) 
theses he has defended, such as natural and sexual! 
are to him scientific principles, the actual proofs « 


already substantially in hand. Had he taken the lat 


toward Pangenesis, he would have been eomm 


intelleetual sin of his era, and perhaps of ma 
building great speculative structures upon slight 

In the second place, in spite of certain intricacies 
of the hypothesis, the speculative foundation of Pai 
really intricate. It rests simply on two suppositions 
all heredity is by continuity of substanee, and (2 


carded supposition that every part in a many-celled 


the corresponding part in the offspring. It foll 





CHARLES DA 
suppositions, that the gonad or 
seat of heredity, but merely 

ental active material agencies of 


every eell of the pare ntal 
cell. Beyond this, all that Darv 

1] gemmules is that if such is 

us ascerti ined facts regarding the 
the said gemmules must be assem! 


nt according to a certal se 


whole of the “prov sional hy 


ther aspect of Darwin's scie1 


‘ 
‘candor and open mindedness. Wi 


which struck his own sense of lk 


many of the world’s best field nat 
distribution of plants and anima 


theory of continental extensions 


strong reasons to disbelieve this, 
oan . : £5.53 } . 
islands, and so was in friendly controvers\ 


some time. But if he should win this cont: 


is preparing for n soon-to-be 
: “ “ol hit 1} , 
structural relationship meant 


nsular and continental floras! 
uubating the mud from ducks’ fee 
ght carry on their feet, and 


prov ne 
grass seed, eaten by minnows, which 


rks, would be avoided by the stor 
| 


” To one of these prospective te 


i 


experiment after mv own heart. with the chances 1.000 
ts suecess!’’ And commenting at 
listr In 


ution he Says, 


another 


cament as mine: here you conti 


ormous difficulties opposed to me, 


the doctrine, and 
‘Nothing is so vexatious to me. 


rawing different conelusions fr 


rom the same facts.’’ 
In his self-analysis, which forms a 


lé 


aphy, he remarks that he believes himself f1 
an from the danger of reasoning by eatch-phras« 
saw saa lier 4 } m , . 

acteristically he suggests that his lack of facility 


may have helped guard him against such a fault. 


Another virtue which we may 


ust ment 


for Darwin every sound scientific explanation must 
earth. The mysticism of such a naturalist as Agass 
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foreign to him, so that he could only remark that it 
so brilliant a man should express such opinions. 
Many things connected with his methods of 
interestsing light on his character. He declares hin 
ing his seientifie eareer his industry has been near] 


it eould have been in the observation and collection 


} 


compensate for the delays caused by ill health, he k 


methodical to a very high degree. Because of the 
work, he gathered great quantities of material from ot 
uralists, observations which they had made with oth 
tions in mind. It is indicative of the scale on whic} 
data, that at the height of his work he had some 
folios of classified and indexed notes. His racks 
be seen in the picture of his study at Down (Life I, 
Whenever he broke loose from the routine of 
he ealled it ‘‘idling;’’ for example, if the work 
geology, and he suspended it for a few days to e: 
periment on one of his problems. 
His instinet for an inherently sound a 
tion of the evidence seems to have endowed hin 
less patience. From the date when he first bega 
thought on the problem of the Origin of Speci 
the first preliminary account of his conclusions, 
21 years. When the book itself appeared, one yeal 


more than 400 close-printed pages were an abstract 


fourth size, of the intended work, which itself was 
of his argument as he had massed it in his folios. 
came from thoroughness, scientific caution, and 
ability to persuade, probably far more than from 
ficial eause of ill health. Darwin speaks of the 
often gained thereby, in being able to eriticize 
jectively before ever submitting them to publication. 
In his correspondence, and, it is stated, in his 
he showed much felicity of expression. But when 
argument his style was undoubtedly liable to be clun 


} 


to be a sort of fatality 


se 


‘*There seems,’’ he says, 
leading me to put at first my proposition in a wrong 01 
form.’’ He conquered this difficulty to some degree 
bling in a vile hand whole pages as quickly as possible 
vising only at a later date. 

Among his personal characteristics kindliness, 
frank appreciation of others are most conspicuous. 
has often been remarked upon, but to really appr 
liciously far it goes, one has to read his letters at 





CHARLES DARWIN, THE MAN 


His freedom from the trammels of tradition and his k 
thy for every form of misfortune probably account for 
ntion of himself as a radically inclined liberal. 
iptic 


-lavery sentiments at all times, and particularly during 


an Civil War, were very intense. A most odd express 
mnitarian interest was his attitude toward Christia 
was most appreciative of the wonders that had be 
shed in Polynesia, but could not believe that peoples so 
vale as the Fuegians and the Australian Blacks could 
receive any benefit from mission work. He expre 
nion freely, and when finally the reverse was pr 
of the mission to Tierra del Fuego, he enthus 
wledged his mistake, and expressed it in the form 
ial remittanee of £5 to the cause oc the mission. 
He had a habit of writing his appreciations to 
wks he had enjoyed, which we can understand if we 
itly he himself appreciated such letters written to | 
a man who very quickly treated men of a young 
his equals, or even his superiors in selel 
at inspiration to younger men. 
In estheties Darwin had a tremendous, and 
ghly trained feeling for the beauties of nature. 
nses were to those scenes that expressed to his 
some aspect of the wonderful cosmie drama. 
The wastes of Patagonia and the sight of 
s native environment are two scenes which he sp: 
trangely impressive, evidently through the story 
sewige Werden. He never forgot the sublimity of 
the lavish luxuriance of the Brazilian forests. 
s children’s word to testify to the peculiar keenness 
eciation of the precious, homely loveliness of his ow: 
hich seemed hardly diminished, as nearly as any of 
ll, to the very end of his life. 


In music, painting and literature, he had an esse 
nd 


untrained, but for the most part fairly lively enjoy 
his later years he lost his taste for the set, formal 
ture, so that verse, or the standard drama (like 

ger interested him. This seems to be the principal ex: 
with 


h the quieter enthusiasms of old age, for his self 


use, along 


criticism as 


having atrophied on his esthetic side. Yet his family reports that 


n totally ignorant as he was of the slightest vestige of the prin 


PVE 


C ples of music, he always loved to listen. and his choice was ur 


formly for a good quality of music. So before taking too seriously 


is account of his esthetic atrophy, we really ought to view him a 
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little through the eyes of his children an 
how much to discount his statements on 
modesty. 

We are especially interested to-day in the 
win to the spirit of science, and for that reason 
sider his spirit as it were apart from the act 

of his additions to human knowledge. That is 
sible, as we can easily imagine that even witho 
evolutionary hypothesis might have triumphed 
decades of when it did actually triumph. The wor! 
accustomed to the idea of nature acting strict 
law: to the concepts of stellar evolution, and of 
prolonged geological and paleontological history. 
recognized that such laws as the conservation of 
conservation of matter were valid in the kinedon 
Erasmus Darwin and Lamarck had long previou 
tion to the conception of an orderly derivation o! 
plex types of life out of their less complex predec 

To be sure, no definite evolutionary theory ha 
rreat following among naturalists, because 
time had been either too vague or else too 
viection. Lamareck’s theory, which was most 
had been the most fully elaborated, had a 
eleme? a It was, broadly, to the effect that 
their physical constitutions not merely from tft 
tions with which their parents had started 
additional development which the parents 

it, and from a vast aeceumul 
fluences,’’ if I may so express it, derived 


} 


and more especially from the desire 


defenders of evolution t 


ppealed to the same group of su; 


one or another factor within this gro 
example), or appealed to an innate or 
toward structural elaboration and self 
Immediat ly previous to Darwin’s 
f his natural selection theory, things w 
ated the readiness of a group of younger 
ice more to an evolutionary conception. 


had already indieated his adherence to a modified 


Lamareckian theory. Huxley, who had spurned the } 


finences of Lamarck, was in private expressing at le: 
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of dissatisfaction with the orthodox 
nendently ereated entities. Vo Baer 
tely of the opinion that some f 
would have to be accepted. Kin: 
ndently propounding the theory of 
- ig so well known was read at a meetin; 
tly with a brief preliminary paper by 
1858. 
Suppose now that the great 
not come from his hands, 
be poorer to-day? We can 
have won Huxley, and have fou 
luxley was not the type of man who could have rested 
ted other scientists, and we ean har 


possibly aided by others of 
gradually have compelled the 
to the evolutionary hypothesis. 
Without going into detail, the 


von Baer in particular bein 
? 


11 doctrine of descent. 


41 


through these channels a vreat 


ichieved, the immediately following h 


’ 


little diferent from what it actually wa 


was hardly at all an active participa 


that waged about his book. The 


viants 
of debate, of repartee, of im 


wUenao 


‘oree, and not at all the quiet, 


ad who in his family cirele 


sts and neat maneuvers of both 


rroups oO 


’s supreme ambition had nothing whate) 
+} 


ist that was stirred up by his book; for it was sin 


» thoroughly convert Huxley, the zoologist, Hooker, t] 


| Lyell, the geologist. If many other scier 


erted, that would seem to him a surfeit of 


tists we 


up which obviously could never 
] 


accept 

i 
simply astonished that they took notice 
| so vigorously. 


The faet, then, that the ‘‘Origin of Species’’ be 


the bone of contention between the vreat schools of thought 
give its writer any great immediate power to influe 
pirit of the mid-nineteenth century, which became, sp 
him, and even by reason of his contribution, more and 
verantly speculative. The mass of his contemporaries were 
less to him than to the temperament of Herbert Spencer 
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Haeckel. and of Weismann, with their elaborate th: 
SVStTems. 


During these exciting times, the man who had start 


was quietly at work upon a book deseriptive of ‘*The var 


trivanees by which orchids are fertilized by insects. 
bits of this study came out in 1860, 1861, a 
finished work in 1862. Such was Darwin’s conti 
toward controversy—not contemptuous but simply unwo1 
tent to make use of whatever criticism was helpful, a 
improve the wording in the next edition wherever 
that his language was honestly misunderstood. 

Only a very few of the adverse criticisms touched | 
it hurt. One, for example, let it be understood that | 


an air of cock-sureness, a sin of which he could no 


the shadow of suspicion. At another time Darwii 
righteous indignation on Huxley’s behalf, when he 
viewer ascribing to Huxley a motive in his 
‘ ‘object’ to make man old, and Huxley’s ‘object’ 
The wretched writer has not a glimpse of what tl 
scientific truth means.’’ Such was his spontaneous 
the least hint that scientific opinions might be motiy 

Darwinism was the signal for an overwhelming 1 
of popular metaphysics, as everybody knows, but it 
hard to realize to-day how deeply men’s minds wert 
through the thirty or forty years of the readjustm« 
tions of purely abstract philosophy, or to what an ext 
logical scientists have taken part in the philosophic qu 
make vivid the acuteness of that old situation, we may 
Huxley, intensely loyal as he always was to the scient 
of causation, nevertheless declared in substance (Rom: 
ture) that ethics was inexplicable, to the best of his un 
ing, from the standpoint of biological evolution; or aga 
attitude of Wallace (Darwinism, Ch. XV) that the hig! 
leectual, esthetic and moral gifts of man are gratuities bes 
upon him by a benevolent deity through agencies entirely 
of the workings of biological evolution. 

In all these abstruser corollaries of evolution Darw 
solutely no part whatever, and even when questioned he d 
more than plead ignorance and incompetence. Theism seer 
him a deduction flung too far afield to be dependable. H: 
help doubting whether our brain equipment was ever des 
such uses. Nevertheless, he seems to have retained to tl 
of his days the simple rudiment of faith that ‘‘this uw 
not the result of blind chance’’ (‘‘Descent of Man,’’ last p 
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eo’? [| 286), even though our intellects may not hav: 
nrove what else it 1s. 

all this, and especially in his freedom from intens 
ich matters, he was hardly a type of his own era. and |] 


In feeling that he is more at one with the complexion of 


of to-day—men to whom the evolutionary concept 


ral as it was to Darwin himself, so that they are 
by its possible metaphysical implications. Lik 
possess a philosophy of life, but one that is more 
ss abstruse than what their nineteenth cen 
mostly wrestling with. 
Is it not possible that the older gener 
who were brought up on Darwin 
iceount of the mental stresses of 
nd to defend the true Darwinian 


these teachers to-day are finding in their pupils youths for 


a part of this victory has been won in ad 


vance, so 
ifie eandor, the spirit of unmotivated judgments, is for 


4 } > + . 
easier lesson than it was during the era of storm and 


which the teachers had to learn it? 


If this deseription is accurate, a substantial part of the credit 


ust be aseribed to the slow-workinge leaven of the personal tv of 


Darwin himself, perpetuated in his writings and ramifyi 
rough the examples of those whose scientific ideals he has inspired 





THE SCIENTIFIC MONTHLY} 


THE MENTALITY AND THE COSMOLOGY 
CLAUDIUS GALEN 


By JONATHAN WRIGHT, M.D. 


-_" MSE who think of Galen at all, even those who ha 
acquaintance with his writings, think of him as a 
but a man can not be entirely a physician without | 
what of a philosopher.' Hippocrates puts it a little diff 
says no one ean be so well a philosopher as he who seeks 
in a study of medicine. I am not sure there is not m 
should ponder in this opinion. Such wisdom as one 
regard to the moral and physical destiny of man as 
gard to his environment is to be garnered most abunda 
physiological and psychological fields. Now, singular 
things that are most lacking in the philosophy of G 
ethical values of humanity in their broader aspects 
rower personal outlook constantly receives incident 
one goes through the vast sea of his professional w: 
are commonplaces of worldly wisdom, which he did 
very successfully in some respects, owing to his glar 
mental defeets. Into all this [ do not intend here to 
except to repeat that his philosophy im no way entitled 
he proud apothegm of Terence, Nihil humanum m 
In so far as man himself is part of the cosmos in its in 
moral spheres, Galen’s cosmical philosophy is neg! 
it is however with the ultimate structure of the 
- 


Galen’s chief interests lie in ecosmieal philosophy. 


and one of the chief sources of our historical know 
strivings of the earliest Greek philosophers after a 
knowledge of natural phenomena. He was educated 
régime of moral philosophy as taught by the various 
day ; but, though he shows some traces of the 

Stoies, it is the physical nature and structure of 


studies from the viewpoint of the Nature Philosophers. 
in the shaping of the humoral doctrines for their final 
in medicine, moral philosophy has little place, but th 


intellectual interests in certain directions perhaps had s 
1 Galeni de optima secta ad Thrasybulum, Liber I, 107 In 
ences I use the Kiihn Latin translation, the Roman characters 


volume of that edition and the Arabic the page number 
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.. do with the oppressive narrowness and the absurdities into which 
7 with t 
ryided medical doctrines and where they remained for more 


1.500 years. Despite his formal piety he was a contentious 


lder of positivism—a very mule’s head in debate is the only 


temporary notice we have of him. His admiration for Plato was 


service so far as the practical workings of his mind are 


rned. It is true he acknowledges that though our ext: 
‘quaintanee with natural phenomena is acquired through 
ses there is an innate knowledge, but how it works o 
wwes its existence is not so clear. A man knows whe: 
ryht and when it is crooked. ‘‘Of eourse with 
nits oneself to argue, for they have no minds, so also th 
» have only minds in which they have no confidence.’ There 
ise of referring the uncertainty of knowledge to one wh 


10 US¢E 0 has 


rgan of knowledge, he viciously says, or does not believe he has. 
To tell the skeptic he is not sure he thinks because he has nothing 
nk with may be witty enough, if one is in the mood for wit, 
but it is a flippant way to discuss problems of serious philosophical 
import. At best it is only one of the jokes of the ages revamped 
in every generation. In Plato the wit in the discussion plays no 
less around the subject, but it is less offensive and more subtile 
more suggestive and instructive. The doctrine of Protagoras that 
man is the measure of all things is discussed more pleasantly, more 
profoundly, and the argument, unflinchingly nevertheless, faces 
the doctrine of eternal verities in the realm of ideas. Although 
I have elsewhere dwelt in dissent on the inclination to place the 
quality of Galen’s mind in the category of that of Hippocrates or 
to rank it with that of Plato or of Aristotle, I allude to it again, for 
n studying his cosmic philosophy it becomes apparent that his con 
tribution to it contains nothing original and his comments lack 
originality not alone because he lived in an age long since degen 
erated from that of the giants of Greek thought, but the quality 
f his mind was a handicap which even a favorable environment 
could not overcome. In a way his own gibe could be turned against 
himself. He did not have a suitable organ to do that kind of think 
ng with. 

[t would be an endless task to select from all his writings and 
summarize the incidental references marking his thought as to the 
nature and extent of the divisions of matter, but we have one 
treatise* in the form of a commentary on the ideas of Hippocrates 
as to its constitution which we can use as a guide to his cosmic 
philosophy in the sense I have defined it. He there takes up the 


* Galeni de optima doctrina, Liber I, 40. 
’ De elementis ex Hippocrate, Liber I, 413. 


VOL. XV—10 
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ecudgels in defence of the author of the ‘* Nature « 


Hippocratic Corpus. If we were to diseuss here t} 
of Hippocrates instead of that of Galen we should 
sider the question in some detail as to this book being 
of the mind of the man who wrote the best of the b 
collection. Galen from his own limitations saw no reas 
ean not be placed among them. But modern erit 
at their head insist this can not be done even if we 
the tenor of thought of the writer. While some of th 
it seems evolved out of passages in the ‘‘ Ancient Med 
latter the author advances no such vulnerable argun 
cosmic subjects as that Galen is at pains to defend. 
in which he does this, rather than his adoption of 
there found, gives us an insight into his methods of 
can not be said that he always defers to the opinion of H 
perhaps, though I have never been reminded he w 
tradicting him, but it is quite apparent that he does ) 
text occasionally as well as to the meaning in read 
own convictions or rather his own preferences 
he reports Hippocrates makes of the opinions of ot 

It is curious the disciple in his commentary should 
the master the argument for a plurality of element 
stresses. Man would be devoid of feeling or sensibilit 
five senses would not function, if one only element w 
out of which man is compounded. They both fail t 
account the forces working on matter, a contributio 
Empedocles, though Galen was aware of them as he ment 
incidentally elsewhere, indeed makes much of innate 
fluences in physiological action, drawn more or less direct 
that ancient philosopher. The diversity of these in th 
tiality for making contrasts, whereby things are perceiv: 
apposition of their contraries, apparently does not occ 
It would seem that while the argument he emphasizes is 
in the medical treatise he ascribes to Hippocrates, ‘*T! 
of Man,’’ it might be allowed to pass as the superficial 


of a writer who had specialized on medicine and was not 
with ultimate cosmic doctrine. Whether it is a ge 
of the great Hippocrates or not, it is not one to which grea 
ean be attached. In the books now considered genuine, Hip) 


1) 


+ 


1? 
HiOWwWSs 


so far as I know makes no use of this argument. It f 
the terms of the doctrine of Democritus that his atoms, t! 


Ives 


divisions of matter, are devoid of qualities in themsels 
rise to the perception of sense only by means of the kind of 
they make on the animal structure. By the way in wl 


treats the doctrine of Protagoras, really based on some s 
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e this. we see this taking into account of the vinia Ss of matt 


s fully exhibited, though presumably Plato is hostile to Demoe: 


us. for he never mentions him. Galen and the author of 


tnre of Man’’ take in this connection no account of 
t least a hint of it in ‘‘Ancient Medicine’’ whie 
to being genuine. Indeed if Galen had con 
nents of Hippoerates in this book he could 1 
. consideration of that point. 
Aristotle had declared that essentially 


locles was one of duality—that for him in rea 


force and matter. Galen does not pursue 
I 


ments, 
thus far: he only Says if there were but one e] ‘ment no 
eeption could arise. He thinks the impact of two aton 


+ 


ne substance in space could give rise to no qualit) 
reject the whole atomic theory because of th 
fficiency in originating objective phenomena, since 
s familiar to him, ‘‘no atom is penetrable or capable of 
At any rate this difficulty in the atomic theory for him seems to 
have been one of the things preventing him from accepting monism 
cosmogony. He does not d ‘velop here the crou 
objection to it rests, but the inference is plain we only reeognize 
the definition and limitation of matter, indeed the existence of 
matter at all by the existence of its attributes or qual ties. and these 
we apprehend through the existence of opposites. A thing is bit- 
ter because we know what is sweet, a thing is hot because we know 
what is cold. This was commonplace among philosophers, and 
Galen evidently did not consider it necessary to enlarge upon it. 
Manifestly, if there was only one element, an indivisible portion 
of matter, opposites could not exist in it and hence knowledge 
through the senses of matter in general could not arise. We need 
not stop to diseuss this point of view. We can see by reference to 
the gibe I have quoted he must have thought the contribution of 
Protagoras to philosophy negligible. If the senses tell us nothing 
as to realities, he may have thought, they are at least all we have 
to rest on in cosmology. Most of the philosophers, Plato pre 
eminently, refused to accept this, and we have now long bid fare 
well to the senses, before Einstein, as the limit of ascertainable 
knowledge. I cannot see that he reaches this level in philosophy 
at all. He remains at that of Herbert Spencer, who declared we 
must start with the knowable. This is all right for anv one who 


L _ J . . . 
knows what the knowable is, but it does not form a very solid basis 


for those, who, in Galen’s words, possess only minds in whieh they 
have no confidence. Galen was a positivist, but I conf 


often at a loss in some of the phrases he uses involving this point, 


fess I am 


¢ Idid., p. 421. 
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though we get a hint as to the origin of some of the nas 
of his thought in this defence of the ‘‘ Nature of Man.”’ }] 
of humoral doctrines in the practice of medicine led 
Not only, he says, would man be devoid of sensibility 
only one element, but incapable of generation too. that 
may suppose, also an apposition of contraries. Then, if 
only one element, there would be only one disease an 
ment.” One may well doubt if the real Hippocrates 
Aristotle ever reasoned with such loose ends as these. but 
the turn of the argument is again a Spencerian one 
phraseology we would say a monistic homogeneity, a r 
precludes the possibility that out of it heterogeneity ca 
am not capable of passing judgment on this. I am onl 
trace out his thought in modern terms, and I am foreed 
thus to follow it logically in a modern view, to make s 
ences which may be erroneous. 

If he apparently falls short of the ancient viewpoint 
respect, and his repetitions serve to remind us of his e1 
ment, in quoting them in their varying phraseology we 
picion he did not go the limits reached by Democritus 
older philosophers as to the possibilities of the ultimate 
of matter. ‘‘If any one pricks the skin with the finest of 
the animal suffers; the point touches only one or two or per! 
many atoms. First suppose only one is touched. No atom 
pierced and it is not susceptible of sense,’ ete. His mind 
sticks at the conception of the size of the point of the smallest 
and does not in any event arise to the contemplation of th: 
ness of the division of matter nor of its energy demanded « 
the ancient theory. Yet so common at Athens, 500 years 
was the conception of the vortex of atoms and their other n 
that Aristophanes made fun of it on the stage. He finds difi 
too, in imagining how out of senseless and impenetrable atoms s 
ment and easily penetrable flesh can be formed at all. T! 


+ not 


ness of the world of being lying between the ultimate atom a 


proximate finger pulp his mind could not grasp, ‘‘for wl 


T 


not wonder that flesh when pricked suffers, when its finest pa 
ean not be pierced or made to suffer?’ I may be pardo. 
lingering thus over the difficulties of a mind in many direct 
wonderfully acute though lacking that essential of all great 
imagination, as exhibited in an author so influential as Galer 
shaping the future thought of the world. It can not be de 
that his mentality was in type that which is often referred 
modern parlance, perhaps not so much now as when posit 

* Ibid., p. 436. 

6 Ibid., p. 420. 

7 Tbid., p. 423. 
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’ y 
{ ‘ 


at flood tide, as the only one for a man of science. I imagi 


we are to trace to an actual degeneration in the coordinating habit 
f the human intellect the sinking beneath the horizon of a 


Was 


eoneel 


tion of the cosmos as structurally beyond that furnished by th 
senses. It has had to be resurrected in our time before furthe 
f the fundamental 


advance could be made in a real knowledge of n 
It was a conception familiar to Emp« 


facts of physical science. 
locles. I am not prepared to Say if this subm«e rgence, altel he 
rreat Greeks, is an anatomical, a dynamic or a social phenomeno: 
It seems reasonable to think rather of tl latter. 


yf degeneration. 

Monism, if not the whole atomic theory, being in Galen’s view 

loctrine incompatible with observed facts. he a reaches a 
plurality of the elements with more caution than we be expect 
‘How many there are altogether is as yet undetermined. There 
fore we will inquire into the matter.’’ He finds other theoretical 
reasons, it is true, than the necessity for the supply of a sufficiently 
large enough variety of combinations, but as is well known he not 


nly accepted the tetralogy of the elements, which Empedocles and 
hi but he foreed 
a host of phenomena, by means of the humoral doctrir 
We will have to admit that in 


hre, water 


s predecessors had presumably derived from Africa‘ 
ie, into the 


same narrow numerical confines. 
the then state of knowledge, the acceptation of earth, 
1ir as elements was the most useful formula possibk 

roneous, for attacking the huge problems of physical science lying 


} 


Even from these some think ‘‘if t] ey 


’ 


howev er € 


ahead of the human mind. 
are sufficiently multiplied, varied, altered 
may arise, which may be of another kind than that already exist 
tht to Em 


transmuted. somethine 


ng.’ Aristotle, as has been noted, imputed the thou; 
pedocles and at least all the modern systematist needs is two, that 


is, matter and energy, but it is obvious that the former without 
the latter is unworkable, however successful the m 
may be in getting along only with the latter. Failin: 
of the thought, evident at least in Aristotle, that energy 


regarded as an element in apposition to matter, really 


wienrT mo? ST 


to a dualism, we easily perceive Galen’s inability t 


monism. We have difficulties of our own. The modet 
mind falters also, though, astounding as it seems, there 
tions of modern man’s belief in the possibility of br 
from the human mind in cosmic theories, and th possibility 


ut suen transcee} 


Empedocles also seems to have played with, bu 


iking away 


dentalism was not for Galen. However, I am plumbing the shal 


lows of my own mind and ought not to speak for that of my cor 


reners., 


8 THE Screntiric MonTHLY, April, 1921. 
® Galeni de Elementis ex Hippocrate, Liber I, p. 428 
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Galen reminds us of what seemed to him a quite oby 
The monist, whether ancient or modern, is, by virtue of his 
in a single element, a mutationist, a believer at least in the p 
form aspects of a matter forced on our attention. That 
most ancient philosophers must have been, not only Hera 
who so strikingly phrased the idea, namely, that we neve; 
twice in the same river, but Thales and all the rest. Ma, 
earth, water, air and fire turning into one another has alway 
the only way for the monists to keep their doctrine in eo 
is all one primordial substance, from which each is se 
evolved, and when the argument takes a mystic tur: 
mordial substance may be unknown to us by our senses, 0) 
of one primordial element, water, for instance, the other 
being continually evolved. The idea of Melissus'’ that the 
universe is compounded of one immutable form of matte) 
ridiculous. Aristotle as well as Hippocrates rejects this. [1 
necessary to enter into the subtleties of the argument of 
menides, but it is well to remember that if Plato did not st 
awe of him he respected him highly and portrays Socrates 
his mock humility and sardonic humor, treating him w 
real respect than he exhibits toward most antagonists. Pa 
defended this thesis in the abstract, and doubtless this was o1 
the reasons why by some historians he is said to have reduced 
Kleatie philosophy to absurdities. At any rate Galen is r 
company in refusing to accept the ideas of Melissus as worthy 
discussion, but when he attempts to give some explanation fo1 
origin of the qualities, he stumbles and falters even in his att 
on Atheneus Attalensis,"" who defended the idea that the qua 
were elements, an idea on all fours with the frequent laps 
seem to note in ancient arguments when they treat abstract 
ceptions as material realities. Moisture in the highest degre 
an attribute of matter is water; the hottest heat the ancient k 


+ iy 


was fire. In fact, the latter exists before fire, and from it fi 


generated when great heat is introduced into fuel. 


Under the terms of the argument as they appear in the ace: 
of Galen we might think it was a drawn battle, for when dryn 
and moisture were harnessed up with the other two (earth a 
air) elements, something else might be deduced. Dryness it wo 
be hard to make into earth, however complete, and coldness cou 
hardly have turned into air. There the facile illustration might 
have been balked, it would seem to a modern, but that was not the 
trend of Galen’s refutation. We can refuse to believe either Ww 
right, but neither is that the point of interest for us. Under w 


5 


10 Ibid., p. 447. 
ll Ibid., p. 457. 
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+< could such doctrine be presented by either side 
rey with such foree as to satisfy any ancient n 
<planation of eosmie philosophy? One of Galen’s home thi 


eold disappears when heated and the dry whe: moistened 


this seems proof sufficient that there is no suen thing as th 


> just as Protagoras had pointed out by non-experi 


_ 


methods. but this was not for Galen. I doubt 
tion can ever throw light into all the blind alleys 
‘the human mind ina former age. In some long 


ne of opposites was a fruitful theory we may cor 


tyre some philosopher, seeking to extend its field of usefulness 


sssed the opposites of cold and dry into service and they r¢ 
ined fixed in men’s minds for thousands of years. We see Gale) 
» to the path that the hot and the cold are but man’s evolved 
ms to degrees and kinds of molecular motion. It is 
o reason to marvel that he did not see it all, but that 
not have stepped out of the path of error a: 
ith after the early Greeks had shown that 
ikes himself the measure of the qualities of 
m indeed, is reason for reflection on the imbecility of the hum: 
mind. That a part of the difficulty is the fault of the inadequacy 
called tl 


age to express human thought, of which 


f ballall 
17 


vehicle, is quite probable. There are all sorts of nouns accordin: 


the rules of vframmar, some substantive. some ibstraet. some 


the 


ete. Ancient thought tended to confuse not only 
lity, the adjective, with them, but as moisture was the watery. 
so white tended to become whiteness and moisture at times became 
as substantive as water. How much this was a confusion of thought 
and how much it was a verbal confusion, it is not always easy to 
liscern. There is a book,’* evidently spurious, attributed to Galen 
| which we come in full view of these difficulties where aceording 
to the title the discourse is about what qualities are corporeal, but 
we meet with the awkwardness which becomes an actual aberratior 
of thought even in this book on the elements of Hippocrates and 
the genuine treatise against Lycus. 

For the most part, however, Galen was aware and critical of 
this pitfall of ancient thought, though he seems occasionally to 
fall into it himself, for Galen’s idea at times seems to be that heat 
and humidity ean differ just as color or pleasure do. The fire 
may be made from wood or from straw and thus it differs. This 
throws the modern mind into panie and confusion, and we ean not 
forbear seeing a source of error in such divagations. In his strug 

‘2 Galeno adscriptus liber quod qualitates incorpo Jiber XIX, 
p. 463. 

Galeni adversus Lycum libellus, Liber XVIII A, p. 196 
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gle with Athenewus we see the hot becoming pure heat 
fire, and we then wonder ourselves a little whether qua 
corporeal or not, so bewildered do we become with the ph 
[s there, then, such a thing as hot heat? That is what Gal 
when we have become quite helpless, to be driving at 
course with Lyecus. By means of our appreciation of 
we conjecture he is speaking really of the degrees of 
strength of its own activity, Galen puts it), and aga 


feet unawares in the right path. Then a thing is wh 


because it has in it more of whiteness. Thus he har 
puerility of the Middle Ages the sophisms of antiquity 


drifts into the common error in primitive thought, much h 
doubtless by the contention of Plato that after all ide 
only realities; but back of it all we see the mind of pri 
utterly unable to differentiate the material from the gs; 
That was the heritage Plato had from an intellectual h 
ready remote in his time. We see the trace of it with esp 
tinctness in this spurious book on the corporeality of the « 
deeply tinged with theological infusions. 

In résumé we may say, then, that Galen, with the ex 
of Hippocrates and Aristotle, denied monistie doctrines 
corollary of mutability. This in reality was probabl) 
for the advance of knowledge since the complexity of t! 
as we now know it, was simplified by the false stand 
his great predecessors did not anywhere in their ger 
state it as uncompromisingly as did Galen. ‘‘It may 
asserted earth, fire, air and water are the primary and 
elements of all things, since these constitute those bodies \ 
included in the totality of things first of all and the most 
tary to that degree that all other things, vegetable, I ins 
as animal, are made from these.’"* Whether sensatior 
in some one or other of them or results from a combinatio 
he is not so sure. The perception of the qualities depends « 
he seems to think, and though there are numerous othe 
of the hot and cold and moist and dry are the fundam 
ties from which the others arise. All this Galen must hav: 
from his environment and from his great predecessors 
ancient Greeks. He scarcely made a single addition to t! 
osophy or contributed an argument that had not been used |! 
Yet his dogmatism, for good or for evil, crystallized th 


fluid thought of the older nature philosophers, so that i 
neglect of a thousand years, and thereafter the assault 
ideas for almost half as long. 


14 Galeni de elementis ex Hippocrate, Liber I, p. 456. 
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THE READING OF CHARACTER FROM 
EXTERNAL SIGNS 


By Professor KNIGHT DUNLAP 


THE JOHNS HOPKINS UNIVERSITY 


TNE relations between general psychology and individual psy 
chology are important and not hard to grasp. Neither can 


be separated from the other in practice, but each has its set of 


problems and its complement of special methods. The problems 


of general psychology concern the determination of laws and 
principles applying to the human animal generally, which are 
ther independent of individual peculiarities or inclusive of these 
idiosynerasies as definite combinations of general factors, not as 
exceptions. The problems of individual psychology, on the other 
hand, eoneern the discovery of those factors of difference between 
ndividuals ; thus, ultimately, the description of the important re 
spects in which each individual varies from other individuals, 
and in as far as classification is useful, the assigning of each in 
lividual to the class or classes in which he belongs. The specific 
methods of general psychology are included under the general term 
rperiment ; the methods of individual psychology under the term 
mental measurement. The most obvious relation between the two 
branches is through the fact that reliable mental measures (com 
monly called mental tests) can be developed only through experi 
mentation of the most rigorous kind, and the fact that general 
principles ean be obtained only by taking into account the indi 
vidual differences of the various reactors on whom experimental 
work is done. One of the most unfortunate and harmful details 
of the present enthusiastic movement in the individual psychology 

edueation, in industry, and in medicine, is the nai ssumption 
that persons ignorant of general psychology and untrained in ex 
perimental psychology can develop and apply mental tests in a 
iseful way without the careful supervision of competent psycholo 
gists. The deleterious results of such bungling work on children 
for example, are apparent not only in the harm to the children 
and needless trouble and expense to which parents are put, but 
ilso in the prejudices aroused in the public mind against mental 
measurements as a result of the mistakes of amateurs. Equally 
unfortunate results are frequent in the legal, medical and indus 
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trial applications of amateur psychology. The genera] 

of the need of individual psychology in commerce and 

in particular has led to the existence of a class of mere exp 
many of whom reap large financial rewards from their prac: 
and whose eventual effect on the manufacturers and busi! 
they victimize is to turn them against the application of ; 
chology. 

Mental measurements have so far been developed to 1 
where effective determinations of general intelligence a) 
determinations which are of value not only for schools and 
but also for commerce and industry. No psychologist elaiy 
these measurements are completely satisfactory, and we 
that they are being constantly improved, and will be e 
improved in the future. On the other hand, no one but 
chologist knows the amount of time, labor and personal 
required for the development and standardization of 
simplest test. The public, impressed by the appa 
of the materials, assumes that any one can make up a 
publie is right so far: any one can make up a test, 
every one does, but the tests are not worth anything. T!} 
either does not see this, or, if it does see it, assumes that 
made up by the expert are also worthless. For som: 
fusion the psychologists themselves are partly responsil 
example, the nomenclature of ‘‘mental ages’’ as established by 
telligence tests, which should never have been allowed 
from the laboratories, has very much confused and 
the public. 

In addition to tests of ‘‘general intelligenee’’ (which 


safely be defined as that which standard intelligence tests 1 


; 


ure), tests for special intellectual capacities have bee: 
We can now measure ability to sustain and to distribute the 
tion, ability to perceive accurately details of various kinds 

to learn, ability to avoid learning, and many other special abilit 
of this class. The field of such measurements is rapidly | 
extended, and it now requires merely the application of 

of the trained psychologist to develop systematic tests 
special combinations of intellectual abilities required 
branch of any trade or profession. 

But this is the limit to which mental measurements so f 
extended. Emotional and moral characteristics are not 
measurable. Yet we know that these characteristics are 
mense importance in all the divisions of life in which 
measuring intellectual capacity. Even as concerns the cand 
for admission to college, while it is important to determu 
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al capacity, emotional and moral 


ke 


There is many a man who goes dow: 


n 

ve, whose intellectual ability is sufficic 

work. or who will vet into trouble bee 
whose seale of values is Inadequ 


io not sav that we shall never be able to measure 


ties by the methods of individual psychology 


ultimately we shall compass such measurem 
s are now at work on the problem of moral mea 
think the prospects for developme t alone this 
ible. But at present we do not pretend to make standardized 


surements of emotional and moral capacity. 


— ' 
| he made 


Wherever there is a great need, attempts to fill it w 


ittempts will not all be seientifie, and not all made in good 


th, especially if there is a prospect of fat remuneration. The 


levelopment of medicine is an illustration of this facet 
practice developed long before there was any know: 

ind the bane of the medical profession to-day is the 
pply something in eases where there is really nothing 

ney against which Osler and other medieal 
tested emphatically, and with some success. 

The past lack of scientific means of measuring intell 

lack of scientific means of measuring moral and emotional 

acteristics, together with the real need for such measures, has 

! to the development of unscientific methods of mental diagnosis 

ch are popularly designated as character analysis. These 

‘thods are based on the assumption that there is a close relation 
tween the anatomy of the individual and his mental character 
sties, and that the details of this relationship may be discovered 
by casual examination, without the aid of statistical methods or 
experimental procedure, by persons ignorant not only of psy 
chology but even of the rudiments of physiology. 

The first systematic attempt at the development of character 
inalysis was made by the phrenologists. The physiologist Gall 
early in the nineteenth century began to teach that the mental life 
s largely dependent upon the brain, especially upon the cerebral 
hemispheres. This fact was not widely recognized before the time 

Gall, although it has become a commonplace since then, and 
Gall’s work had a large influence in bringing this recognition about. 
But Gall and his disciples are also responsible for the introduction 
nto psychology of several misleading conceptions concerning the 


wale . , : 4 . 
‘lation of the brain to consciousness—conceptions which have re- 
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tarded the development of psychology and which are by. 
nated but slowly. Gall and his pupil Spurzheim de 
theory of the relation of the brain to mind which the 
phrenology, which means literally the study of the intellect 
phrenologists believed that the different faculties or eay 
the mind were localized, each in specific portions of th. 
outer surface of the cerebral hemispheres. They further 
that the relative development of each of these faculties 
upon the relative size of the portions of the brain in w 
respective faculties were supposed to reside. Highly 
philoprogenitiveness, or love of children, for exampl 
posed to depend upon a cortex relatively thicker in the 
genitive area than is the cortex in the same area of a pers 
strongly philoprogenitive. Finally, since they supposs 
formation of the skull to agree with the relative thickness 
cortex it encloses, they assumed the possibility of 
development of various cortical areas by examination of 
surface of the cranium. The surface of the head was 
mapped off into a number of smail areas, each associate: 
of the faculties in the phrenological list; and from t} 
depression or elevation of these areas the phrenologist 


to read the ‘‘character’’ of the subject. 


We need not dwell upon the series of bold assumptions 


in this system, since, from the scientific point of view, t 


is of historical interest only. Quite aside from the 
velopment of phrenology as a technique, it had a prof 
on the whole unfortunate influence upon the cours 
biology for many years. Physiologists and psychologists 
the habit of assuming that consciousness is dependent upor 
activity in a remarkably simple way, ignoring tle 
interrelations of the various parts of the nervous syste 
noring the fundamental function of the total nervous syst 
control of movements through sensory stimulation. Mor 
the psychologists and the physiologists accepted ever 
logical doctrine of the localization of conscious functions 


parts of the cortex, although the functions as thus | 


the physiologists were not the ‘‘faculties’’ of the phre! 
but a more generalized group, including the senses. 
within the last fifteen years that psychologists have begu 
the phrenological theory, and many physiologists still cling 


As an art, phrenology had a wide popular vogue and 


practiced lucratively in the United States, there b 


one school in which the system is taught. It has, howev 
heen | 


to a position of relatively minor importance, and has b 
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supplanted by newer systems, in part derived from 


rived from still older anatomical beliefs. In these newer systems 


ttle emphasis is placed upon the surface of the skull, the major 


stress being laid upon the contours of the face, upon the 
form of the nose, mouth, ears, brows and eyes, upon the 
toxture of the hair, and upon similar anatomical traits. 

In one of the most widely known systems, from which many 


‘her systems have been drawn, ‘‘conscientiousness’’ is indicated 


by a broad, bony chin; ‘‘benevolence’’ by a full, 


lip: ‘‘love of home’’ by fullness of the soft part of chin just 

low the lip; ‘‘amativeness’’ by the thickness, moisture and redness 

f the central part of the upper lip; ‘‘cautiousness’’ by an extreme 
ly long nose; ‘‘judgment’’ by a broad, large nose ; ‘‘ observation’’ 
y a lowering of the brows at their inner ends and projection of 
. frontal bone at that point. Musical talent is indicated in this 


’ 
) 


system by an ear of rounding form and fine quality, with a dee 
Il and perfectly formed rim. Mathematical ability is shown by 
squareness of the face bones, width between the eyes, and especially 
the upward curve of the outer part of the eyebrow. The signs 
acquisitiveness are a thick, heavy upper eyelid, with fullness 
ind breadth of the nose just above the nostril. Sometimes an 
1 eurved or hooked nose indicates the same thing 

s system the significance of many signs is modified by others 
ence, the degree of development of a given characteristic is read, 
not from a single anatomical sign but from a group of anatomical 
etails, to which I will apply the term physiognomic pattern. 

us, a certain relative form or size of one feature might indicate 

vertain mental trait, provided it is accompanied by certain other 

tails of form, position and size of other features. Linguistic 

lity, for example, is shown by large bright convex eyes, fullness 
under the eyes, the rounding out of head above temples, full lips, 
full cheeks, full throat, wide mouth and chest, large nostrils, length 
from point of nose to tip of chin, with vertical, lateral and per 
pendieular width of concha of ear. The physiognomic pattern 
licative of well-developed color sense is decided color of the com 
plexion, eyes, eyebrows and hair, clearness of skin, and veins show 
ing through. 

By the use of patterns instead of single signs there is secured 
an elasticity of application of the system, which is of great im 
portance, and to which I shall later refer. 

The foregoing samples are drawn from a single system; but 
this system is one from which a number of variant systems have 
ipparently been derived. There are many systems in use, all 
equally definite, all equally ‘‘successful.’’ Some systems stick 
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pretty closely to physiognomy; some add signs 
posture, and the anatomical details of arms, leg a) 
all these systems agree in two points: They are 
tomical, and they are lucrative to their promoters 


} 


The attempts to read character from anatomical 

however, originated in modern times, nor have the 

to professional character analysts. Evidences of 

tions between anatomical details and especially betw 
mental and moral traits are to be found in the 
peoples. ‘‘Let me have men about me that are fat 
makes Cesar say. Confluent eyebrows have lo: 

be evidence of a lecherous disposition ; a long nos 

ness; red hair of passion; and so on ad infinitum. As 
made in all seriousness to evolve a scientific systen 
anatomy, I may point to Lombroso’s description of 1 
type. It is evident that we have here to deal with tend 
are widespread, and which are by no means always op 
the interests of private profit. Yet it is the profession 
analyst who forms the main problem, since it is his 
furnishes the most pernicious results. 
% It requires little investigation to convince us t} 

of character analysis now in use have no scientific fi 
that if any one of them were in part valid, it would 
marvelous coincidence. None of the authors of the 
systems shows any evidence of knowledge of physio 
chology, to say nothing of geneties; nor do they att 
even the simplest principles of statistics or experiment 
in arriving at their conelusions. Naive conclusions fri 
cases at the best, mere guesses at the worst, are the sol 
ployed. A study of works on physiognomy strongly ren 
reader of the interpretations of the psychical researchers 
Freudians. Aside from this, the contradiction of system by 
would give even the layman cause to doubt. If w 
signs of the same character trait, such as ‘honesty 
indicated in different systems by quite different signs 
sider the same sign, such as the shape of the nose, we f 
eating quite different traits in different systems. A 
claims of any one system to practical success are as \ 
tiated as are those of any other system. 
Nevertheless, the incompetence of the existing systems 


dispose of the question whether there might not be a va 


' 1 
} 


evolved. In spite of the futile efforts of various would-|! 


the airplane was invented. We must inquire therefore w 


sible basis there is for a system of character analysis based 
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wp? 


we find the ans 
a system might be 
We know » exercise of mental 
ot change the gross anatomical details of 


he systems of character analysis assume the 
ean not. by taking thought, add to his heig 
No exereise 


stration of a more general law. 


musical talent, malice or amativeness ean 
the nose, or of the ear, or the setth Yr of 
? 


brows. If training can not develop 


tative signs of character must be sig 
] 


showing the endowment of the indiy 


al d develope d 


cities which he may or may not have cultivated 


But the results of genetics to date cive us no basis for assumi 
anatomical signs of inherited capacity, except in pure races or 
relatively homogeneous races. It is true that we may conelude 
from such signs as the shape of the eves and the color and texture 
helon vs to the Chinese "ace. 


hair that a certain individual he 


Lie 


and henee that he has traits of character common 


( 


1 the ¢ hinese. 
But the Chinese race, although not an absolutely pure race, is one 
vhich is sharply distinet from the white races, and may expect 


i 


to find different racial characteristics 


fact the characteristics usually imputed to the 


lue more to training than to heredity. A Chinese boy, brought 


ai 


ip under white conditions, is surprisingly vhite boy men 


tally, although he retains his anatomical race ‘teristies: In 


the ease of the negro and of other markedly inferior races definite 
racial mental differences may be admitted. But we must remem 
ber that these differences are racial, not individual. 

The European races, however, are exceedingly mixed, being the 
products of the blendings of many stocks, and although it is pos 
sible that the original pure stocks may have had specific anatomical 
characteristics and also specific mental characteristics, we find no 
linkage of these characteristics in their hereditary transmission 
after mixture. A remote ancestor of a certain man may have be 
longed to a stock which had long noses and also had violent dispo 
sitions; another remote ancestor may have belonged to another 
stock, having snub noses and great amiability. The man under 
consideration may, however, have inherited the long nose from the 
one stock and the amiable disposition from the other. This facet 
comes out most clearly in the blendings of the white and negro 
races. The features of the mulatto or the oetoroon give no indiea 
tion of the relative mental inheritance of the individual from his 


hite and colored progenitors, although statistically the 
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the proportion of white ancestry, the greater may }b 
ability of white intelligence. . 
It is possible, although not probable, that our 
whites inherit their mental defect from certain origi) 
of low mentality which unfortunately became mixed with + 
European stocks, but there are no anatomieal signs by 
feeble-minded may be identified. Nor are there any 
signs of the criminal, Lombroso to the contrary notwithst 

It is true that there are certain exceptions to the ge 
Il have made. Cretins, microcephalie and macrocephal 
uals and other distinetly pathological cases show a: 
of their mental deficiencies. So does a blind man show 
deficient in the visual faculty and the legless ma 
ciency in the faeulty of locomotion. But the 
specific defects, and have no bearing on the 
and elassify the common run of humanity. 
cases may be easily segregated, and character an 
nothing to our identification of them. In the 
the population there is no discernible principle 
mental and the anatomical. 

Finding no scientifie basis for the anatomical char 
sis, we are now thrown back upon the pragmatic prob! 
is it that these systems apparently succeed? And we 
that they do have at least financial suecess, for many 
acter analysts are making money from their practice or 
and industrial concerns. 

For this suecess there are two outstanding reasons 
ictual value of character readings is rarely checked 
a few, not many, of the professional analysts, whe 
actual tests, can make surprisingly good guesses. 

As an illustration of the way in which character 
obtain the prestige of success without being checked up 
to its accuracy, I may cite the case of a large indust: 
which several thousand employees were ‘‘analyzed’’ by 
‘‘expert’’ at a good round price. This expert had a systen 
by himself after the usual type, and apparently draw 
rectly or indirectly from the older system from whic! 
trations were taken and from which many other popu! 
are drawn. This self-styled expert told me that in his op 
systems of several other and better known fakers, whom | 
were defective because they were too rigid. ‘* Now I,”’ h 


to say, ‘‘have used in my system all that is worth while 


chology, phrenology and physiology ; but [ am not hide-bo 


; 


the others. When I find a ease to which the system does! 
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| liseard the system and use common sense. This expel 
eeveral minutes in interviewing each employee, 
form ecard the characteristics of eyes, mouth, ears 
te. Then, combining these records, he decide: 
tal and moral characteristies of the 


individ lai 
narticular line of work, if any, in the plant at 
put 
The ‘‘experting’’ of these employees was do 


of the directors of the corporation who 
d in this sort of ‘ 


one 


‘efficiency ’’ through the ‘‘sue 


By the time the a 
completed, this director had lost interest in this 


; 
! 


Brite 


n certain other corporations. 


had become interested in another kind of ‘*: 
esults were, of course, pigeonholed; the manag 
who were actually working with the employees 
ise the readings. 


kr 
But the ‘‘expert’’ went on to the 
housands of dollars in his pocket, and with th 


ving successfully ‘‘experted’’ this corporation, whose 
being cold, hard business men, obviously would not ha 


lave ut money 
the scheme unless it were financially profitable. This 
tion. of course, had been 


COPrDpol 


influenced 


by 
concerns had their employees 


similat eonsideratiol 
‘experted dae 
success having been cf the same imaginary sort 


Sucees under the conditions of 


an actual 
er matter, and it is said that certain 


ticdi Clit 
‘experts ’’ ha 
ditions, achieved a surprising measure of success 


made by submitting to the inspection of the ‘‘ex 


of individuals of known and proven capacity 


in Vari 
t who are unknown to the ‘‘expert.’’ The ‘‘expert 


equired to make a written statement as to the mental chara 
sties of each person, and these statements are compar 


with 
ously prepared statements based on the establishe 


{ charae 

sties of the test-persons. 
Now I can not guarantee that any such tests have actuall 
successful. I have to restrict my statement to the form ‘‘it 
said."’ There are, of course, many chances of erroneous cone 


sions when the tests are not made under the rigid supe: 
psychologists. 


s10n 


We know from the alleged proofs of tel 


: *) l [ \ al 
of various forms of spirit manifestations that unskilled invest 
tors commonly overlook the most vital points in the test co 
tions, because they do not know their importance. 


The records 
most tests of this sort have a value of approximately zero, beea 


they contain no reliable evidence on the vital points, howeve 
detailed information is given on other points. 
VOL, XV 


much 
T 
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But suppose we assume (although we may have as yet 


grounds for the assumption) that tests of certain 
analysts have given positive results. This would not 


sing. In fact, I should expect to find that some ‘‘ exp, 


_ 


‘ 


produce positive results. Few ‘‘experts’’ are willing to s 
real tests, but those few who are willing must be so be 
are confident that they could sueceed to some extent 
carefully checked test. 

We may freely admit that certain persons, working 
independence of any system, may be able to make s 
guesses. Many of us think that we can make good guesses 
guesses are probably very much less accurate than we suy 
they may have some validity. In many eases we have 
important matters to individuals as to whose honesty 
gence we have no evidence except from our guesses bas 
observation of the visible appearance of the individua 
is no reason to suppose that professional character analysts s 
not be able to make as good guesses as any one else, prov 
experts have the requisite native capacity, and provided 
the one I quoted, they ignore their systems and use com 

It is actually a facet that we do make correct judgm 
the transient mental processes of other persons without 
to identify the facts on which these Judgments are based. 
are talking to some one, and you say something which « 
grieves or pleases him, you may recognize that fact 
though it may be impossible for you to designate the exact 
in his face or voice or posture which is the basis of you: 
may even make similar judgments when carrying on a co. 
over the telephone, in which case changes in the timbre 
fleections of the voice alone could give you the clue. 
from the other person’s voice that he is offended or pl 
though you may not be able to identify the exact cha) 
voice which is the important factor. When you have th 
clues from the other person’s face, as well as the clues 
voice, your judgments are more definite and more secure. 

This whole matter is but a special case of the more ¢ 


‘ ++ 


phenomenon of perception and judgment by sign. It is a fa 
in much of our perception we perceive meanings without p 
ing the signs on which the pereeption is based. In some cases 
signs could be perceived, if attention were drawn to them; in ot! 
eases, the signs can not be discriminated even under the best ‘ 
ditions. I shall not go into this topie in an extended way 
because it is familiar to psychologists, and because it ca! 


briefly expounded to those without psychological training. ! 
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+o 
t ol 


‘lv to show that on this point of character readings we 
+ dealing with a unique phenomenon, but with a particular m: 


‘octation of a general principle which runs broadly through 


mental life 


As another illustration of the general principle, I may refer to 


certain eases of supposed ‘‘thought-reading’’ which are really cases 
of sign-reading. Many amateurs succeed in catching ideas from 
other persons, where there is physical relation of such sort that 
ovements of the second person may actually stimulate receptors 


‘ the first person, either tactually, visually or acoustically. But 


amateurs never succeed if they wateh for the siens. They 


these 
syeceed only when they ignore the signs and attend to the mea 


In faet, if amateurs who succeed brilliantly in muscle read 


¢ tests become convinced that their performance really 
I 


eading and nothing more occult, they can usually 


» longer, and this is precisely what we might expect. Similarly, 


f_ instead of watching to see whether the person you are talking to 


+ 


s pleased or not, you watch for the facial changes which indicate 
pleasure, you will not eatch his emotional changes unless the symp 
toms are extremely gross. The conditions here are not greatly 
lifferent from those obtaining in the visual perception of depth 
where, if you attend to the signs, convergence, accommodation. 
binocular disparity, and so on, you will lose the depth-effect which 
those signs would give if they were not attended to. 

The important question, therefore, is: What are the signs 
which tell us something about the mental characteristics of other 
persons? In the case of fleeting, ideational and emotional changes 
these signs are obviously not anatomical; and in the case of funda 
mental tendencies of mental and moral sorts, we have already shown 
that there are no known anatomical signs. We are, therefore, 
foreed to the conclusion that in the one case as in the other, the 
signs are physiological. Changes in the complicated muscular sys 
tem of the face do occur along with ideas, especially if these ideas 
ire emotionally toned. Changes in the complex musculature of 
the voeal organs and changes in the arm, leg and trunk muscles 
also occur. There are, in other words, changes in voice, in fea 
tures, in posture and in other bodily postures and movements which 
are perfectly competent to serve as indexes of ideational and emo 
tional changes. Unfortunately, we have not yet succeeded in 
analyzing more than the most gross of these signs. 

Fundamental tendencies in ideational and emotional reaction 
give rise to habitual modes of expression of the various sorts. 
Habitual modes of expression, moreover, leave their traces, espe 
cially in the face, even when the actual expression is not oceurring. 
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There would seem to be, therefore, a complex system of 
only of fleeting mental changes, but signs also of cha, 
provided we can make use of them. 

Signs of this sort are effective, prior to analysis. 
perception and of judgment are built up on signs, with 
sitating any analysis or identification of such signs. More: 
development of the capacity to catch meanings in this w 
be possible, depends upon native capacity as well as upo 
We should, therefore, expect to find exactly what we do ¢ 
ly, that there is great individual variation in this appal 
and that in the absence of a really comprehensive | 
analysis of signs, the attempt to attend to signs is a 
factor. 

Character analysts, if successful under real test 
viously make their guesses just as you or I do. 
can be nothing but obstacles, since they have no 
the problem. But, after having made a guess, the an: 
ily find in his system details which back up his 
the system is elastic, depending upon sign patter 
upon hard and fast single signs. We need no 
cessful character analysts, if there are such, 
sophistieal process deliberately. The tendency to 
to suit one’s theory, and to recognize the data 
be construed, overlooking conflicting data, is too well k: 
too widespread to need demonstration. One of the impor 
sons why scientific procedure and scientific methods ar 
is that such procedure and methods are indispensable 


} 


avoidance of arbitrary inferences, and even with the bes 
tific aids the tendency will sometimes operate. 

As a matter of fact, there is no reason to believ: 
euracy and reliability of such guesses as you and | ar 
acter analyst make are very high. But there is reaso1 


’ 


that if any character analyst does obtain even ten 


accuracy in certain special test cases, he very likely ma) 
how he gets his results, and may believe that he is 
through his system, although he really is not. 

I have no doubt that those mind-readers, such as 1 


S 


Melvor-Tyndall, who apparently attained striking r 
test conditions, sincerely believed that they were reading 
directly, and not through physical signs. Certainly, the) 
obtain those results only by ignoring the signs, and it ma) 
that they would not have been successful if they had know! 
actual nature of the process. I may mention here the obsery 
I have made that the most successful hypnotists are those w! 
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o sclen ifie comprehension of the hyp: oie proce 
really believe that they are exercising an occult power 


e fluid’’ flows from their hands 


is true that w 


‘magneti 
the other hand, it 


and thought. make use of SIZNS « 


(}r 


vy aware Ol the nature of those siens 
to whieh | have already referred, we 10 
of depth in pictures and landse 

the signs, provided we do 
moment of pereeption 
ne Knowl 


| may pe int out that 
ss proceeds through muscular s 
and the efficieney of 
ttend to those signs wh 


| itl 
t is therefore entirely possible 
measurement may some day be 


1 be based on physiologieal, not « 


ld necessarily be the result 
tal work. Even the develonme) t 
aS has hee} 


kk ob 


ch relative effic en 
ts would require years of wo 


JUST as the development of me) 


mation, serious work 


‘ 
Even a definite 1 
meantime, a respecta 


ration might be known would 


‘‘analysis’’ and its derivat cal 


{ ology, beeause, thanks to 


terms 


and the ‘‘character-analysts,’’ t 
have come to connote superstition 


of the cullible publ 


alvst 


meantime, in the interests 
terests of psychology, both pure and applied 


an educational campaign against 
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MAROONED IN A POTATO FIELD 


By Professor EDITH M. PATCH 


MAINE AGRICULTURAL EXPERIMENT STATI 


TT circumstance of my exile was in accordance y 
of contrasts, by which life whets her sense of } 
it is given even to those who, following the tradit 
generations, were born within forty miles of Boston to w 
way of the winds when spring beckons their gypsy instir 
[ eonfess to taunting visions of elephants dancing in the 
one continent and tadpoles named Guinevere d sport 
southern pools of another—glimpses of desire that bl 
a bit as I reached the end of my own so different 
found myself marooned in a potato field. 

An amazing number of the helpless little sola 
of the field were being drawn and quartered a: 
time. Their graves stretched out in interminable 
teries of tediously straight ridges, alternating 
rowed barren valleys. 

The cemeteries being filled, the surplus SO 
taken to the crematories, called, in the language 
‘*starch factories.’’ The hearses—long, low-bodie 
vehicles locally Known as ‘‘ jiggers’’—were laden wit} 
hooped coffins, known in the vernacular as ‘*bawr'’ls,”’ 
so to a jigger; and the procession of these hearses draw 
each crematory was seldom less than thirty long. 

The whole affair that first day impressed me 
gloom; a sentiment shared, no doubt, by many an 


except, of course, the proprietors of the crematori 


buying for thirty-five cents a barrel the same grade 


the previous year, had found their way to a different 
ket at ten dollars a barrel. 
As if to ease my mood with the consolation of swe 


tT eom! 


ship, a voice reminded me of a near presence in the familiar 
‘Yes, dear, I’m here. Yip, yip, yip, yip!’’ I laughed 
the owner of the voice, but at the absurdly huge joy that 


+ 


" 
( 


up to welcome him, for it was the first time I had ever 
Previou 


the song of a vesper sparrow is magically sweet. 


always considered the performance a miserably minor 
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even the yips with which he superfluously punctua 


of his proximity borrowed a musical glamor from my 


nce 


nleasure at being greeted—not, mind you, by an elephant dancing 
, Kipling jungle nor yet by Guinevere mysteriously frolicking 


A 


ASSUI 


Beebe pool, but by the most commonplace sparrow of my ae- 


7 
ntance. 

His music was symbolically prophetic, for ‘twas to be the 

tives who were to keep my heart warmed through the dreary 
tial month of my rustication. Deserving of mention in this 


neetion was little Billy Woodchuck, with whom I was soon on 


¢ terms (though truth compels me to admit that this social 


tion was from first to last strictly one-sided), a frequenter of 
heap near Hill-Lane, and ‘twas there I met him first. 
To say that the pleasure of this meeting was mutual would be 
exaggerate, for at sight of me Billy froze into brown and gray 
shadows among the stones. So I nestled into a fence corner to 
litate upon these cool eamouflages of wild beasties turned, like 
ld shoulder, against all humans, both the just and the unjust. 
esently, however, the shadows again resumed the semblance of 
lly and erept out on a rock and faced me and whistled. I liked 
tune, the better, perhaps, because I could not interpret 
As I rose to go at the eonclusion of my eall, Billy slipped to 


eround and stood up on his feet like any parlor 


lropped his hands with Delsartean grace and stood 


as | departed. When I had gone on a bit along 
need back at a picture that will cheer my memories 0 
ks—great Stoneheap in the near background and in the front 


little Billy standing between two big rocks with his left hand rest 


} 


ng lightly against one of them and his right hand drooping 


nguidly. 
When next [I saw him he was down in the field, creeping 
fours, with wisps of dried grass sticking out from the side 
mouth like a fieree bristling mustache. Just why this strange be 
havior, only Billy, and perhaps one other, more in his confidence 
than I, can explain. At any rate it intrigued my interest, and 
n later on the superintendent remarked at Sunday supper that 
ne of the farm hands had taken the gun and had gone out to shoot 
woodechueck, my appetite suddenly weakened. The = superit 


tendent’s interpretation of this murderous errand was that a 


chuekhole is dangerous in the mowing—a horse might step in and 
break his leg. But I was skeptical. Haying time was weeks away, 
and it was not the future and uncertain fate of horse-legs that 
stimulated this bit of Seventh Day sport on the part of the farm 


hand. Nothing so altruistic as that. He had suffered, doubtless, 
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an inevitable reaction from his day of rest and, not 

to the type of diversion that some of his associates 
leged to smuggle across the near Canadian border. 
the solace of a gun. Thus, for Billy’s sake, I reasoy 
myself, even as that supper tasted bitter to my palate. 
right, it seemed; for by and by the brave hunter ret 
his borrowed gun and the complacent report that he had 
woodchuck and killed a skunk. Not with the same ; 
though I did not inquire for particulars. What I not 
was quite content. His own personal Sabbatieal eray 
ment had been satisfied, and charitable interest in 
question of broken horse-legs was forgotten. The 


} 
| 


murder of any one fellow creature had served his 
as that of any other. 

Well, Billy was safe for the present. I had that 
for; though | did regret the untimely loss of Meph 
handsome fellow I had taken considerable pleasu 
as he scurried with rustling haste about the woodlot 
stump to another, in frantic quest of buried 
never to find. Yes, | mourned the loss of Mep! 
for certain inherent reasons I had not hoped to 
acquaintance with that black and white denizen of 
I had with furtive Billy Woodehuck. For I had fi 
little chap, who was so delightfully surreptitious ab 


stones and earth out of his dugout and earrving hi 


venture forth and gaze at me even when I came so 


way as six feet. That is, he would if I sat there | 
quietly enough and if that black rascal of a gossip 
happen to be about and caw down a warning appr 
Billy. It was remarkable how well Billy underst 
signals. I saw him time and again stand up sudden! 
busybody sounded an alarm for all the countryside 
that an interloper was at hand, and gaze and sniff 
and then that, quite certain that something had gone 
when he saw the intruder he would sink by impercept 
into his hole, so slowly that even while I watched I 
see a motion; only where there had been a woodeh 
drooping paws, there would be at last only a hole in tl 
Of course in northern Maine there should be part 
strutting about before their families, and antlered m 
in the open, and dappled fawns treading their dainty) 
little bear-eubs at frolic. But there are not. At least 
hours and all the miles of my three months’ resid 


see one there. For the Aroostook is not a forest, but a 
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An old settler, proud as of a miracle performed, stood on a height 
with me one dav and boasted in terms of contrast. ‘‘ When IT first 
“ame here, there were forests as far as eye could see 


Well. it was a miracle, man-wrought, a typical agricultural 
mph. And the sun of that day, when the heat went to 97 


e shade, seorched my mind with wondering why we, who fe 
‘ations have been over-anxious lest we suffer after-world hells 


been so industrious in destroying the controlling 

+ . TY ] » th ° resent } AVP) 1)y rina > 
water supply in this, our present heaven. uring ti 
ty drought, when the to bud 
stv drought, when the potato buds 


shriveled and fell, the 
ry was inevitable: Had we not already overdone the potato 
t Would the Pine Tree State, in the practi il inte) 


he potato and other eeonomie crops. 


not have done 
a grove here and there Nc 


for 


it, OF course, i 
r 


thetic reasons, but out of cold Yankee shrewdness! 
litations were authoritatively dispelled by the voiee of 


sitor to the county—a man from the national Department of 


It indubitably knows what 


\vriecuiture, who is rood for the future 
he potato business. He was saying, with an appraising gesture 
the only remaining parcels of untilled land: ‘Of 
marshes have some of the 


most fertile soil. They 
ed and brought under cultivation with even less expens 


roi} 


e work that was involved in getting the forests out of the 


FAREWELL, ORCHIDS AND THRUSHES 


was not to bemoan the ¢é 


reumstanee that fawns and cubs 
ousted and that thrushes were threatened no! to consol 


th droop-pawed woodchucks that the treasury 
ed states vid the 


. 


of the 
treasurer of the University of iine was 
my salary. Mine was a stern commission, was 
vhat grimly undertaken it was beeause I was 
llion 


n against my professional duty. 
For I feared that at the close of the season 


it would f 
to report in the interests of agriculture, to whom I ; 


, + 
ny potatoes 


there is no guarantee for healt 
ight of a rose-bush. That was a sad th 
ng hangman to the rose! Surely agriculture 
exacting mistress. She has beheaded the red ee 
apple orchards. condemned the currant and goose} 
nterests of white pine, banished the barberry fron 
hood of grains, because of what fungus specialists hay 
And now, on the word of an aphid-hunter, was the rose 
lawed from potato land ? 

These premonitory reflections 


were soon interrupt 
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event of some importance in Aroostook. The graveyards 
in the second paragraph of this record were the scene of 
rection. Like the children in Maeterlinck’s ‘‘ Blue Bird 
demonstrated the thesis, ‘‘There are no dead,’’ for the lo 
ridges were crested with living green. The miracle 
place—the potatoes were up! But the coming up of po 
so simple a matter in the Aroostook as elsewhere, f 
north country and because of the frost and for other 
the crests of green are buried alive. Onee and agai) 
the ambitious plants were subdued. Each time they s!| 
heads they were heaped over with earth until at last 
were so very high and the valleys between were so ver 
and so very deep that the horse-hoes could do no mor 
the aspiring plants were finally permitted to breathe 
they had repeatedly struggled to reach. Perhaps 
Aroostookian treats potatoes so roughly. but the gr 
proud of their school of ‘‘high hilling,’’ and a ‘‘lovw 
country is another term for slacker. 

About the time that the plants were progressi 
sively up, an epidemic of solanimania broke out. 
caught it and rushed to potato fields like mad dogs to 
mediately the vocabulary of the place became suggest 
sane retreat and everyone chattered in his own verna 
confusion of everyone else. The eall of the hour, ‘‘ Let 
was observed by all; but the baptismal creeds for 
as numerous and varied as those for people. The 
as to the necessity of bordeaux, but the manner of 
seemed still to be in an experimental stage. Arsenic 
was advocated by all, but chemists nowadays are talk 
guage unknown to one who grew up in an age whe 
was in vogue and London purple not quite forgotte 
sulphate was commonly accredited, but was it actually 
to hit the aphids with it or did those delicate creatures 
to the fumes if enough of the stuff was let loose among 
Must the underside of the leaves be covered, and, if so, w 
undershot nozzles more effective than a drag boom Was 
faithful old standby, the Watson, to be superseded by a 
new-fangled power sprayer? And was poison dust, if adn 
at 4 A. M. in the dew, more efficacious than a wet applicat 

While the spray gangs were still raving about sue! 
problems and some too involved to lay before an innocent 
other victims of solanimania broke out with symptoms no less | 


| 


nounced. One man was cherishing about five thousand seed 


in the hope that one of them might give promise of a better | 
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the markets had heretofore weleomed. But there was no time 
niov a bewildered appreciation of the possibilities of five thou 

| new potato seedlings before it became evident that the growers 

il varieties had been taken with violent spasms of weeding. 
weeding a potato field does not mean removing plants other 
potatoes from the seene of action. Most of that operation 
eomes under the eaption of hoeing. When a potato grower 
‘weeds’? he digs inadvertent ‘‘cobblers’’ out from among his 
en mountains’? and removes the adventitious ‘‘bliss’’ or ‘‘sil 


dollar’’ from his ‘‘eobblers.”"’ For a potato field in the land 
e seed tubers are grown is not a mere field of potatoes but a 

ld devoted to some one variety uncontaminated by a chance speci 
. of some other equally palatable variety. One soon learns in 
Aroostook how to tell one potato from another potato. 

Nor was the madness of the season confined to Maine. A mar 


Bermuda roamed about Aroostook County seeking ‘‘ certified 


bliss.’ Out of Vermont came a farmerette in knickerboekers 


esting from Presque Isle to Prince Edward Isle for ‘‘ certified 
} mountains.’ 
Not guests alone but the mails bore evidence that the epidemie 
widespread. From one state in the middle west came the ar 
neement (received by a sceptical world) that a strain ‘‘immune 
potato mosaic’’ was under suceessful cultivation. From the 
te next beyond that came the appeal: ‘*Would you mind gi 
ng me some information on the distribution of Empoasca mali in 
our state? As you know, here in this insect is a very bad 
st, causing hopper-burn and many other diseases and possibly 
wlucing a disease eventually causing the potatoes to run out.’’ 
\nd by humorous coincidence, in the same mail as that, there ar 
ved from Burlington, Vermont, an advance announcement be 
vinning, “‘Tip burn as a physiological disease has been one of the 
ih diseussed questions at recent phytopathology meetings since 
r entomological colleagues have endeavored to carry it over into 
their camp, ascribing it to an insect and renaming it hopper-burn.”’ 
Not science alone became infected, but art as well, as witness: 
‘About the first of next month I shall be in the Pennsylvania po 
tato center. There water-color studies of spud plants are to be 
perpetrated.’’ 
No one, apparently, was immune. I contracted the malady and 
had as bad a case as any one. A characteristic symptom was a 
ered emphasis of one’s own particular bias. Mine was the rose 
ish. For weeks, as in a delirium, I saw little other than rose- 
bushes. No devotee of the ancient order of whiskey ever had mor 
vivid visions of reptiles than I of rose-bushes. Indeed, the 





172 THE SCIENTIFIC MONTHLY 


knickerbockered farmerette from Vermont protested that s 
never again think of me without the memory of my har 
toward the wayside vegetation while I yelled aboy 
the ‘‘rattling good’’ government vehicle: ‘‘ Beside the 
field was a rose clump a rod long! See ahead on the 
whole fence is bordered with roses.’’ Thus from Presq 
Frenchville and return, and again from Houlton to Presqy 
Kor the fate of the rose was not alone at stake. My 
reputation as an aphid detective hung also in the b 
colleagues, the plant pathologists, had challenged me. 
[It came about thus. A few years previously the | 
os 


who spent their summers hobnobbing at Aroostook 
formed me that my pet aphid, Macrosiphum solanif 
ing their pet potato disease from sick plants to well 
disease (spelled m-o-s-a-i-e but popularly known as 
not so especially disastrous in the north in potatoes 
table; but the south looks to the north for seed, and 
taint of mosaie in its substance grows, after being 

the south, to a miserable plant, indeed. Now th: 

between the egg business and potato growing 

profit in the product grown for the table, but for 
ean dispose of his product for purposes of propagati 
possible fortune. The seed-potato industry, actual and 
means a great deal to the state 0’ Maine. And it was 


they told me, largely because my ‘‘pet aphid,’’ 


? 


billion strong, was inserting its beak into the tissue of 


and, after imbibing mosaic juice, dispersing to other 


field and inoculating healthy plants with the disease 


Their question as to what I would advise under 


stances made me feel a bit responsible for my insect cl 
with something of a lump in my throat, as I replied, ‘ 


wild rose-bushes from the borders of fields where ce 


i 
is desired for seed purposes.”’ 

My suggestion being met with a sceptical frow 
phytopathological colleagues, I reealled to then 
Macrosiphum solanifolu: 


rratory species Duri 
viviparous generations abundantly upon potato and « 


This ins t wan 


lat NTT 


growths that it accepts as ‘‘summer hosts.’’ In late sumn 


+ 


winged individuals are developed which migrate from potato 


hosts to the rose-bush, where subsequently appear, as progeny 
™ 


migrants, wingless egg-laying females and winged males 
apterous oviparous females are deposited on the rose-bush, and 1 
unhatched until spring, this plant accordingly being l 
wintering host.’’ About the time the new growth of the ros 


and most succulent condition in the spring, the aphid 
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+ crows into wingless viviparous form—the progenitor 


ling generations tor the season and hence called the ‘* 
hters of the stem-mother grow up on the rose, part of them w 


i part without. The winged daughters fly forth to seek t 


summer host, not hard to find in a land over-run with 


nd start on the potato vines, the summer colonies, which are 
ight later by the advent of their nieces from the rose—for their wing 
less iia, remaining on the rose, produce winged daughters which mig 

eir turn to the potato fields in the vicinity. Thus the cycle 

ng migrants going from rose to potato, their progeny unto 

as dwelling on the potato as a favorite summer host; 

r way back to the rose where the fall generations, the 

e spring forms reside. 

But this recital did not dispel the sceptical frown before 
illuded to. In fact there was nothing new in the story, for I had 
told it first as long ago as 1915. The plant doctors had, indeed, 
but one comment to make. When I wound up with ‘‘Obviously 
the destruction of the wild roses in the vicinity would break the 
aphid eyele,’’ they remarked quietly, ‘‘Of course we may have 
overlooked them, but we have never observed many wild roses in 
northern Aroostook.’’ 

That was their challenge. It was admirably done, I think. A 
‘ourteously constrained statement bearing directly on the point 
under consideration and characteristically conservative, as is the 
habit of one scientist (if he be discreet) speaking to another. But 
that brief guarded sentence was charged and I knew it questioned 
whether I was sure that Macrosiphum solanifilii overwintered o1 
the rose, wholly on the rose, and nothing but the rose? As an aphid 
letective working out the life cycle of this species in Penobscot 
County, what did I know about the conditions in northern Aroos- 
took where, according to resident observations, wild roses are, at 
least, comparatively rare? 

Certainly that much of professional criticism was implied and 
possibly a running personal stricture may have been included. At 
ny rate, I found myself wondering whether my colleagues were 
registering a disappointed conclusion that in failing them at an 
hour of need I was demonstrating some inherent disability leading 
to an inference that entomological work in general and the task at 
Aroostook Farm in particular was after all a man’s job! There 
was, perhaps, a personal ‘‘dare’’ as well as a professional chal- 


lenge in their significant suggestion that a recommendation to up 
root wild roses where wild roses had not been observed to be rooted 
down seemed hardly in order. Obviously there was but one thing 
to do either on professional or personal score. The various due 
official sanctions having been all registered by November, 1920, 
the next May I laid aside the garb of a laboratory entomologist and 
donned the khaki of a field scout. 
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for wild ros 
dangerous proximity to potato acreage. For, as I had 


Naturally, first came an intensive quest { 


‘“pet aphid’’ on rose annually since May, 1904, and 


years’ collecting had never found the spring generat 
other vegetation, there must be no data overlooked in th 
lar. low many miles afoot this quest led me, I eg 
but it was as far as one could explore in the days of a 
down one side of the hedge rows and lane rows betwee) 
up the other; in and out and round about the borderine 
wading beside marsh fringes in rubber boots: and tram 
and back along the length and breadth of hillside pastures 
n none of these places did I find a wild rose-bush. Ney 
roses in river thickets reached us by way of botanists ar 
men; but (fortunately for one in sympathy with wil 
servation), it did not, in the localities visited, seem ne 


seek them out. 


For without that we found rose-bushes, plenty of 


that along the broad highway! There were dooryard 
Aroostook Farm, thousands of stems of them, in bot} 


within short walking distance. The wheel of the field 
helped add to the same sort of data; and later by aut 

we saw them at Fort Fairfield, Caribou, Van Buren, F 
and all along the roadways between them and Presque Isle 
the life-cycle of Macrosiphum solanifolii is in no danger of 
ing in northern Aroostook for lack of rose sap. That be 
dent to us all before the summer was over. But incident] 
were some very puzzling questions presented by thes 
dooryard roses. 

Of course it was no surprise to find some eultivated 
and beyond Presque Isle. The plant doctors in attendance o1 
potatoes had indicated their presence in the quite logieal st 
that it hardly seemed probable that cultivated roses w 
abundant enough in that locality to keep the aphid suppl; 
It hardly did! For even at Bangor we are north of th 
rose’’ zone. We have even here to fall back largely on Rosa 
though especially ambitious care provides for cherished rai 
and a limited number of other varieties. But the outstand 
queer thing about the roses of northern Aroostook is that th 
vigorous clumps of them are not cherished at all. They gro 
neglected masses which give no evidence of pruning shears f 
decades at least. And often as not the grandmother of the 
would say, ‘‘Oh, those are nothing but wild roses. Our ¢ 
roses,’’ indieating feebler growth, ‘‘are here.’’ 

That was a riddle unguessed for weeks. Why, when failing 
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to grow wild 1! udy A 
n acquaintance with their ways 
other states, should they be so abundantly common 


specially in old dooryards or spots marked by 


laces as wild roses are wont »J 
in other parts of Maine and in 


n dooryards, 


fire signs or 


, 
peel 


erumbling cellar walls, where onee doorvards had 
sulting nurseryman can tell you readily enough, but 
time it was a conundrum to me. 
tut making sure that there were rose-bushes enoug! 
ll the overwintering eggs of Macrosiphum solanifolii necessary 
that this 


- a thoroughgoing aphid plague was not ascertaining 


| 
i 


nseet did not also secrete those wee elistening black oval obje 


»¢ 
S 


| other vegetation as well. And, casting aside the prejudice born 
seventeen springs’ collections I sought stem-mothers and bud 


spring-migrants on every kind of plan ree, shrub, and 


é that I met in a three weeks’ tramping. The b yeler, to 


+} 
i Vv 


whom thanks should be rendered, extended the bounds of this 


quest, as he did others and being without prejudice of previous 


quaintance with the tricks and the manners of the insect in ques 
tion, he may have been the better scout. 

However that may be, no tree or herb yielded us spring colonies 
our potato aphid, and neither did any shrub except alone the 
se, though our search was compounded of diligence and patience. 

Nor did the same vegetation vield so largely of other species 
Fewer than a century of aphid 


is might have been expected. 
Now fourseore dif 


pecies represented our total season’s eatch. 
erent species of aphids out of a possible four hundred, and not 
large colonies at that, comprise a meagre showing, leading to the 
‘oneclusion that 1921 was a poor year for aphids in that locality. 


\ logical explanation of their scarcity was not far to seek. For 
neat-winged ‘‘ladybird’’ beetles (five species of them) were feed 
ng only less greedily than their brood of serawny young; gold 
eved ‘‘lace-wings,’’ dainty in every respect except as to their brand 


ir sickle 


several 


of perfume, were leaving their stalked eggs where the 
jawed progeny might merit the name of ‘‘aphid-lion;’’ 


species of bandy-bodied syrphid flies were providing for th 
fungus disease was 


eon 


tinuation of their kind in the same way; a 


it 


throwing its fatal spores broadcast; and insect-eating birds were 
as much on duty as could be expected, considering the number of 


murderous eats wickedly permitted to threaten agricultural pros 
perity. Now with ladybird beetle, aphid-lion, syrphid maggot, 
fungus and insectivorous bird (in so far as vouchsafed) in com 
bination against them in a single season, could aphids be expected 
to wax fat and multiply ? 

However, nearly two decades of official service in the capacity 
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ot aphid detective leads one to take sueh Seasons Ww 
cal fortitude. Besides, even the lean years often ge 
data and it may not be without interest to ment 
product’’ of the quest of 1921, namely, the aeeid 

that two of our migratory currant aphids s 

season imbibing the sap of ‘‘willow-herb,’’ a 

come addition to the aphid lore of Maine. 

Returning to Macrosiphum solanifolii, it may be st 
by this time the scouting done at Presque Isle and 
brought forth no data conflicting with the tenets that 
the only plant in Maine normally serving as over-w 
for this potato aphid; that in general aphids are cons 
more abundant in potato fields near rose-bushes ; that certa 
in northern Maine, where potato mosaic, though pres 
appreciably increasing, were coincident with an annu 
aphids; and that the logical conclusion was that the 
tain fields’’ and similar locations might be made well 
to potato mosaic if the sick plants were to be culled out 
is the technical rendering of this practice) and the 
of such rose-bushes as are not considered precious 
served with an annual anti-aphid spray of fumigat 

Does this conelusion thrill the reader (as it do 
with an envying realization that a partnership 
which might be earried on in said ‘‘eertain fields’’ 
amazingly inviting venture? If not, it is because you 
what price ‘‘per bawr’l’’ the man from Bermuda was off 
‘‘oertified bliss,”’ nor meet the man from Florida who | 
tune to exchange for ‘‘certified cobblers.”’ 

With the situation thus indicated for Maine, wl 
more desired by way of education through compar 
than a visit to New Brunswick? For New Brunswick 
are rivals in the seed-potato market. New Brunswick has 
a hope that she has some natural advantages pecul 
tion, and Maine has been a bit afraid that might 
then, with a quickening professional pulse that I 
vitation to join, as consulting entomologist, a part 
ologists, representing the governments of the | 
New Brunswick, who were touring that province. 

We visited during the trip more than eighty potato 


Tr 


ficiently to observe and record the signifieant phytopa 
and entomological facts with reference to the potato-mosa 


} 


lem. Except for a few generalities, I will spare you all 


locations. 
— = fox , hile trail direct 
Secause there is yet no automobile trail dire 


fre 7 
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Chaleur Bay district, we rode from Perth to Frederic 
the St. John River—a scenic day that makes one 


ire woods growing in places too wild of 


stern Mistress Agriculture. Thence 


cont 
ven by 
rtherly, beyond first one and then anothe: 
l we re ached the ** Bay of Heat’’ where ou 
tered. On Shippigan Island we visited five pot: 
eount for the three further fields registered 
n-sized fields, separated by a tiny meadow, wit! 
few Ma 


The reader is by this time sufficiently 


the ferry landing, was recorded as ‘‘a 


es of the hunt to see why it was logical 
nsulting entomologist to hazard the statement 
shes nearer the ferry-side fields than the other 
there were no rose-bushes in sight, the reade1 
to enjoy briefly the flippant phytopatholog 


also 


whether the aphids may not have arrived via th 


ver this was really no laughing matter. If 
overwinters only on rose, roses must be 


nvisible! I eonfess joa feeling of panic as 
Imposed 


oked to be. on aceount of the time limit 


} ce 


Then. when, In the middle of the shorn meadow pat 


elump hope 


two potato fields, 1 came upon the stubs of a lilac 


Island. Wher 


ed. For lilaes are not native to Shippigan 
of lilaes make shift to grow, there was onc 
though the ruins that marked its site are gone. It 
lilaes beckoned, and on hands and knees I followed 


ly as any other Sherlock Holmes, and found 


¢ the mown grass stubbles, the stubbles, too, of mow) 
ns, short but thrifty. Here then was bait enough to 
link that 

of the potato aphid intact on Shippigan Island 
ns that pricked my hands as I plucked an evidential st 


a pain that was physical merely 


tempt 


migrants from the adjoining fields—the 


yround eaused 
pletely by the salve of a triumphant spirit. 


} 


next morning a peninsula, a small almost-isla 


In the two fields first entered, aphids were 
They were less numerous 


lhe 
ppigan was visited. 
sporting themselves somewhat freely. 
the third field, fewer still in the fourth, and in 
th field I gathered my courage and said, ‘‘We are going away 


The rose-bushes are nearer the first 


the midst of the 


m the souree of infestation. 


[If we had time we could find them.’’ To which our euide 


quietly, ‘‘We will take time.’”’ 
nhabited dooryards in the vicinity were innoce 
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but behind the two most heavily infested fields we 


ruin, along the walls of which the prophesied ros 





frowlng. And also, In this deserted doorvard. lone s 


a great mass of the same sort of roses grew clumped 
as big as that covered by the ruins themselves. T| 
demonstration of a scientifie method, was it not? To 1 
at a potato field whether one was approaching o 
a rose-bush. I hoped the phytopathologists did 
glorious a moment that was to the consulting entom: 
the hero of Conan Doyle’s pages never felt more ke: 
in tracing to a logical conelusion a treasured hypoth: 
But the silly pride that surged up gratefull) 
roses soon ebbed. There was that about them that 
deeply. Their true romance was after all not of th: 
the heart—hearts long since dead. And over the ge 
memories the blossoms of roses smiled that day. F 
sun of August shone upon them, and the redden: 
spoke of a full spring-time blow, a few belated blo 
in flower. And the frail sweet things echoed as wit! 
forsaken gardens. 


Those roses, blossoming in memoriam over the ¢ 
gotten homes of vester-long-ago, lure my desire across 
the land mayhap where Evangeline’s kin once dwelt. P 
such roses grow even yet in old world places—not dooryards 
but in untilled tangles; I think so—wild roses, their sing 
rich of hue, and their leaves a hard clear yellowis! 

and clean even under August suns. And if it seem 

the old-world fokk brought so common a thing as a w 
them, may it not be that their choice double darlings we 

on a sturdier stock? And after the bitter cold winds of 

of Heat’’ had blasted the tender growth, the neglected 
came unto their own blossoms even in the stern wilds 
adopted land! How otherwise? 

Later that same day we saw again that rose of vest 
This was near ‘‘Black Rock.’’ Our guide ealled a halt 
pointing to the left said, ‘‘There and a bit beyond ar 
which registered last year a score of one hundred per cent 

One hundred per cent. mosaic! My pet aphids must 
busy. Somehow the fact that there were no roses in s 
ceased to trouble me. I left my comrades clicking th: 
in the potato fields and struck out alone along a bord 
It led me back beyond the potatoes, beyond a mowing 
an oatfield. There I found them—my rose-bushes 


ancient mass of them, pushing against a fence that he 
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en I had returned and made my report, the others of 





went to view the roses with, it seemed to me. a ecertai) 





Indeed, when they caught sight of the great clump, the 





rarding me somewhat quizzically, demanded, **Do you 
¢ me how you found these roses, coming directly + 
And I replied, with a laugh, **Seotch second sight Who 
There are times when something seems to click in one’s 
f some charged current from without is turned on. and 
ng action hardly seems one’s own volition. And it is 
enough feeling, with retTerence to any : inspirat oO} that 


es TO one.’’ 
But | am no dabbler in psychie eoneerns that way dangers liv 
S ntifie methods. There was, of course, no myvysterv abo 


hidden roses. It needs no diviner with a_ witch-haze 


| Doubtless I found the stubs of mown roses 01 Shippigar 


sland because I had learned from experience that roses are likely 
planted by the same hands that cherish lilaes; those of the 
hboring peninsula from the pure mathematical deduction 


sed on the relative numbers of aphids in the different fields 
| those of Black Rock—well, how else than by sheer accident 
At any rate, we saw no more roses like those of Shipp ran dur 
¢ the rest of the trip, after we left the old French settlements 
d visited places settled long ago by the Irish. Not that here 
vere, for all that, a dearth of roses, but they were of a different 
sort-—‘‘wild Irish roses’’ we dubbed them. though I have a sus 
picion, based on their habit of growth, general appearance and 
ne dried and crumpled blossom, that they may be what we eal! 
New England ‘‘old-fashioned cinnamon roses.’’ 
As you see, there was this in common in the single *‘old-garden 


roses’’ of Chaleur Bay, the ‘‘wild Irish roses’’ and the single 


wild roses’’ neighboring potato fields of northern Maine—they 
rew in or near oldtime dooryards in large massed clumps betoke) 
¢ many years of age. 

Surely the rose has nestled too close to the heart of man not 
strike with its thorns the hand that is raised against it. 
Although on entomological evidence it could be sentenced to ban 
shment by authority of crop-pest commissioners, government of 

ils of neither the United States nor New Brunswick would 
probably eare to undertake the unpopular task of exterminating « 
lant so rooted in human sentiment. 

And yet, in the immediate vicinity of northern seed-potato fields, 


) 


‘rose will go. How otherwise? For the man from Bermuda will 


‘ 


still come seeking ‘‘ certified bliss,’’ and the gold of southern states 





demand healthy tubers. The northern growers will volm 
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tarily attend to a matter that bears so directly o: 


They have troubles enough without those borne 
of migratory aphids. 

These were a part of the composite reflections of 
that conversed with me as I took a solitary walk acros 
Farm the night before | left. The skies were ric 
radiance and the glory of rainbow. Under their ly 
out for interminable miles the potato fields in whic} 
marooned for three months by the calendar. As | 
as much of the green-leaved sea as my gaze could co 


it an 


of revulsion swept over me—a feeling more near) 
hate than I would think possible to have for any ¢ 
There was something hideously manufactured about 
scape, artificially colored with prescribed baptismal 
detested the whole sprawling amorphous brood 
tuberosum. 

Was I then at last eured of my attack of solanim 
shaken off the delirious taint of the potato kingdon 
one ever recovers. And a day or so later, when sitting 
lone deserted desk at Orono, I drew into place a bl 
paper and headed it: 

Maine Agricultural Experiment Station 
Bulletin No. 303 
‘*Rose-bushes in Relation to Potato 

And the things written under that caption brand 
as a faithful servant of agriculture or, if you prefer 
of the spud. 





THE REINDEER HERDS 


REINDEER HERDS OF THE PRIBILOF 
ISLANDS 


By G. DALLAS HANNA 


THE CALIFORNIA ACADEMY OF SCIENCES 


lomestieated reindeer of Siberia were first 


Od 
i 


aska in 1892 through the efforts of the 


MLISS1O} 


Jackson. The total number brought 


across | « 


but few more than a thousand when the Russia) 


Governn 
ted further exportation. This nueleus has vrow! 


and has been divided into a large number of sep 


’ 
il 


success of the enterprise IS apparently assured tor ma} 


s and the native race of Eskimos was probably saved 


ination through this single stroke of philanthropy 


not only derive food and clothing from the herds 
has been sold in ports as distant as Seattle and Sar 
«. Nothing but a brilliant future ean be 


lustry at this time. 


foresee}! Tor 


Most of the Alaska herds have been divided and subd 


such an extent, and the records are so seattered through 


Photograph by 


FIG. 1. SIBERIAN REINDEFR HERD NEAR NUSHAGAK 
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ment reports, that it is difficult to secure data on rates 
This, however, is a matter of no little interest in se 
as in industry. It so happens that there are two indep: 
on the Pribilof, or Fur Seal Islands, which furnish re 
siderable value in this respect. 

Through the efforts of Dr. Barton Warren Eve: 
chief of the Alaska Fisheries Service, herds were st 
Paul and St. George Islands in 1911. The begin 
with 25 and 15 deer, respectively, and each year a e& 


made. The animals practically run wild so that a count 


separately has proved impracticable, but the total 


very trustworthy. The counts as published each , 
ports of the Alaska Fisheries are shown in the follow 


? 


It is shown in the above table that the original he 
on St. Paul Island has inereased to 250. In addition 
even hundred have been killed for food. On the smal 
St. George the original herd of 15 has increased to 160 
been killed for food. The reeords of killings date 
are as follows: 

REINDEER KILLED FOR FOOD ON THE PRIB 
Year St. Paul Island 
1915 
1916 
1917 
1918 
1919 
1920 


1921 
Total 100 


Thus the total strength of the two herds in 192] 
St. Paul Island and 249 for St. George Island. Whe 


that the animals have had no eare whatsoever that 
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OF SIBERIAN REINDEI 


tion would seem to be very satisfactory a 
leserves great commendation for having ove) 

eles in the way when the introduct 
sons familiar with the raising « 
t 10 vears the 


LO! Was 
if these animals 
original herds of 25 and 15 


if they had 


1 attention and if the surplus males had 


to 500 and 300 respectively 
4. A mueh larger number could also have beer 
Neve rtheless the records possess a p ( ul ar rive 
rds have been allowed to revert to the wild stat: 
The average increase each year 
yr 


has been a littl 
| 


ver cent. when the animals killed are added to th 
a little less than that figure when only 
ed 


s 


those 


lhe full significanee of this may be better 
son be made with 


erstood com- 
other animals which bri ort 

such as the 
famous. In 


one 
g each year, 


; 


fur seals, 
nas are 


tor 


bh lof 
the same 


ten vears 
il 


I ) these 
rate lv about eight per 
The difference in the rate i 1] 1 

period of the reindeer, but to the enormous 
ir seals in the sea by killer whales. 

young born each year fail to reappear the 
and the work can be laid only t 


: 
to the 
imount of pelagic sealing by mai 


s has increased at an average 


vear. 


At leas 


kill 


is small 
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As stated above, the reindeer have reverted to 
The business of the inhabitants is the taking of sea 
and they give little attention to the deer. The ani: 
herded or placed in eorrals. They resort to the 
the islands where they seldom see human beings a: 
almost as wary as wild earibou. No use is madi 
except for food. 

Some of the surplus males are now taken each 
herds show considerable improvement since the 
started in 1915, as a careful examination of the 
demonstrate. Before that time the fighting of 
detriment to the herd in several ways. They n 
injured each other, but they injured some of the fem 

The killing is done with high powered rifles, not 
practice, but the only practicable method whe 


allowed to become so wild. The shooting not o 


ST PAUL ISLAND REINDEER HERD 


wilder, but results in the oceasional killing of a first 
by mistake. In one case one male and two females 
with one shot fired into the herd. 

As to the already great value of the herds to the 
of Fisheries, which administers the affairs of the 


7 
h 


ean be no question. Each deer killed is equal in 


sheep which are imported at about $15 per head o 


Thus the equivalent of about 100 sheep was take 


value of this food would seem to warrant the employ: 
pable herders and the erection of prope. corrals 

the animals. This would not only enable the remo 
rect number of males without the uncertain meth 
but would enable the authorities to remove old and us 
as any wide-awake stockman would do. 

If the herds continue to inerease during the next 
they have in the past ten, there should be about 2,500 
Paul Island in 1931 and about 1,600 on St. Georg 
prospective numbers as these should receive cart 


because the annual inerement will furnish a supply 
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REINDEER MOss FROM 


the reindeer depend upon slow oro) 


inter, Care snou 


reindeer *‘moss,’’ for food in wi 
the herds do not inerease beyond the supplies of 


ls are small and not all of the surfaces are s 


| 
siana 


by any means. It has been stated that this 
mall lai d of Alaska replaces itself in about seven 


s made by me on the Pribilofs indicate that 


ws more rapidly. Areas completely denuded in 1914 
vn bv 1919. The differenee in rate of vrowth is bel 


to the longer growing season on the Pribilofs and the 


‘ 0 


climate. 
One of the most important problems to be solved connect 
th the Pribilof herds is the determination of the maximum 
s which can be supported. The erovernment should deter 
is too late. With competent herders 
it would not be a difficult undertaking. 
These herds are under particularly fine cireumstance 
tion and study. The most distant part of « 


isily reached in a dav by a man on foo 


? 
tly maintained by the agents of the rovernment 
‘an be maintained when desired. More jis 


? 


of the reservation than of anv similar area in o 


tory It would seem that here IS the place tO maint 
. 1 ¢ 


ndeer herds and to determine manv of ft] 
ropagation of these animals ona large Se; 


conditions so favorable. The animals 
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on the islands. Dogs are not permitted to be la 
quitoes or other injurious insects are absent. By 
but fortunate turn of fate, ticks or parasitic flies 
ported with the original shipment. No new sti 
brought in, so that inbreeding and crossing could he 
to the greatest advantage. 

It may be of interest to those who so vigorousl: 
introduction of the animals in 1911, and actually 


tFINDEEFR MOss OTH 


ISLAND. ALASKA 


when first proposed by Ezra W. Clark hack ll 
the reindeer have not interfered in the slightest 


fur seal herds or with the work of seeuring their sk 


seldom ‘visit the beaches and have not to my 


ki 

served on a fur seal rookery when it was occupied 
[It is to be hoped that the Bureau of Fisheries 

opportunity presented, and by careful study and ea 

deer herds, furnish the people of Alaska with 

will be of inestimable value in the industrial de 

north. 





THE PROGRESS OF SCIENC} 


THE PROGRESS OF SCIENCE 
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Epwin E. SLOSSON 


idleness 
ce Service 
NCE OF KEEPING 
COOL 


hot weather 
folks seem 


to think, 


it 
out It 


is how 


The body ten 


¢ lost to ti 


CES 


I 
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ALFRED GOLDSBOROUGH MAYOR 
In whose death biological science suffers 
director of the department of marine biology 


Washington 


to your skin at nt f the theoreti 

air there has ; mpera of 99 the consu 
degrees and a humidity of 100 per risen to 
cent., then you can not get cool eithe: 

way. In that case you must drive 


away the layer of hot moist r and reverst 


let some that is drier and cooler get aleohol 


at your skin, which. you ¢: is 
means of a breeze, , in defau f comes 
that, a fan. poses 
tured 
GASOLINE AND ALCOHOL 
BEFORE prohibition the 
consumption of gasolin 
holic beverages was about 
twenty gallons a year. Now the con 


sumption of alcoholic beverages i 


~ 
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removed 


government will 


up hom 


confiscating them, 


enable spoiled 


sawdust and 


Any 


material e¢: 


ileohol, directly 


nd there are millions of 


nts alwavs hanging around 


he job ot con 


living 
shift fron FROM COMPLEXES 
Hov 
ind most 
it from, 
hunting 
foodstu 
sed corn 
larter ot our corn 


ileohol to take 


Now endocrinolk 


gasoline now used 


more 


powe I 


found that the 
af crops ot 


rial suitabl for alco | 
entation in a season and, *Rah for ph 
neglected region will as hailing fron 
mportance that the eoal boom 
tries now possess. Theres \s 
hot strife for hot terri 


aleohol power will rule 

Diesel, believing that 
ing heavy oils—mineral must 
would take the place of goes 
engines burning light foundation of 
gasoline or aleohol, tore 

e when palm, peanut o1 

tropical cil would be th 

er on which civilization 


] 





PROFESSOR KONRAD ROENTGEN 


} 


vsics 


Who has retired from the chair of experimental p 


Municl Professor Roentgen discovered the Roentge: 
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; ‘ fe +) 
la figment of the 


when you get out 

i, extracted, puri 
vou have hold of 
and whe n you put 


patient you 


nd record 


yw lay many bodily 
lists do industnal 


pernicious at ' 


The physiologist, 
talk Greek, calls 
but the word 
At least half 


normones are 


ne ur marketed among 

ndred by-products of ou 
ses T wo of 

virenalin, are definite 

wounds and can be made 

Soon the chemist will 

ill and possibly he may 


and better ones than 


turn out in their old 


ned way. There may be giants 


th in those davs, such 


fo etold in ‘*The Food 


ese hormones determine our 


our temperament. They de 
partment 


her we shall be tall or short, 


Carneg 


yr thin, stupid or clever. They 
Me Mahon, 


our features and control our 
s. A minute amount of cer 


etions will make one more 

) ofessor 

H irvard 

W. H. R. Rivers, 


of Cambridge, 


or feminine, older o! 
} + + 
il the chemist can manu 


them in the laboratory and 


inthropolog 


Albert 


carry them in a vest por Ket 
are dependent upon more or 
and impure extracts from 

0 supply our functional 
Or—and this is the 

the hour we may 

a gland from some 

1 fortunately, the glands 

in mals do not set well 


nan svetem. Those of the “adin engine 


t Senator Gughelmo 


ork best, which goes oO 
ey are blood relations of medal is present 


an to the contrary not in applied science 
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John Fritz, who was the first recipi 
j 


nt Other recipients of the medal 
have been Lord Kelvin, George West 
inghouse, Alexander Graham Bell, 
Thomas Alva Edison, Charles 7 
Porter, Alfred Noble, Sir William 
Henry White, Robert W. Hunt, John 
Edison Sweet, James Douglas, Elihu 
Thomson, Henry Marion Howe, J 
Waldo Smith, George W Goethals 
and Orville Wright 

Dr. GEORGE ELLERY HALE, director 
of the Mount ilson Observatory 
and chairman of h National Ri 
search Council, has been appointed a 
member of the Committee on Intel 
lectua!l Cooperation of the League of 
Nations, which was recently formed 
to promote research throughout the 
world and to faeilitate the inter 
change of _ scientifi information 
Other scientific members of the con 
mittee are Professor Einstein and 
Mme. Curie 

THE American Museum of Natural 
History has had its endowment 
largely increased through contribu 
tions from John D. Rockefeller, Jr., 
George F. Baker, and the settlement 
of the estate of Amos F. Eno. The 


Rockefeller gift of $1,000,000 will 


supplements 


ARRANGEMEN 
supply Russ 
the results 


Work 


tributions 
New York 
Russia It 
por iry 

ters a 


W ashi 





